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PREFACE 


The Revised Second Edition of the author s book on Kala-azar and 
ITS Treatment, which has now been exhausted, was publislied in 1925, 
and since then the Fourth Volume of Mense’s Handbuch der Tropen 
Krankheiten, in which the chapter on Kala-azar was contributed by the 
author, appeared in 1926. 

The present volume, vvhich is based upon this Chapter in Mense’s work, 
IS a new book, embodying all the latest facts known about the probable 
transmission of the disease by means of the sandfly, the description of 
“dermal leishmanoid,” a new form of cutaneous leishmaniasis due to 
Lcisli/uania doiiovani first discovered by the author, and the latest advances 
in the treatment of the disease by means of the aromatic antimonials, 
some of which were discovered by the author in the course of his researches. 
Infantile kala-azar, which was not dealt with previously in my book on 
Kala-azar and its Treatment, has been incorporated in the present volume. 

A new feature of the work is the inclusion of maps showing the geo- 
graphical distribution of the disease. New plates showing tlie stages of 
development of the parasite of kala-azar in culture, sections of the spleen, 
liver and bone-marrow in kala-azar have been added. A summary of the 
classical works of Christophers, Shortt and Ban and on the moiphology of 
the parasite of kala-azar and its life cycle in the sandfly has been given. 

The author has attempted to give an exhaustive bibliograpliy of the 
disease which, he hopes, will prove useful for purposes of reference. 

Ten yeais have passed since the author warmly advocated the treatment 
of kala-azar with intravenous injection of metallic antimony. In the onward 
inarch of search after truth, an organic antimonial has been discovered by him 
which to-day stands pre-eminent in the treatment of the disease. 

The author’s giateful thanks are due to the Governing Body of the 
Indian Research Fund Association for their liaving placed at his disposal 
grants which cMiabled him to carry on researches into the chemotherapy of 
antimonial compounds in kala-azar infection and to discover a series of new 
antimonials possessing therapeutic value in the treatment of tlie disease. 

He is under the deepest obligations to Major MURISON, I.M.S,, Director of 
Public Health, Assam, for kindly allowing him to make use of his pamphlet 
regarding the preventive measures against kala-azar that have been recently 
adopted by the Government of Assam, and have already been fraught with 
brilliant results, and to Colonel Knowles, LM.S., Professor of Protozoology, 
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Calcutta School of Ti-opical Medicine, for allowing him to freely make use 
of some of the manuscripts of his work on Medical Protozoology before 
it was published, for his many valuable advices in the preparation of this 
work, for making cultural and inoculation experiments with the lirst recorded 
case of dermal leishmanoid, and for very kindly going through the proofs of 
his book. The author is also deeply indebted to him for his kind permission to 
reproduce in this treatise the plate on Normal and Abnormal Blood Cells,” 
from Knowles and Senior-White's Malaria : Its Investigation and 
Control. 

His sincerest thanks are due to Lieut. -Colonel Christophers, F.R.S., C.I.E., 
I.M.S., Director, Central Research Institute, Kasauli, and formerly Director, 
Kala-azar Commission, for his very kindly going through a part of the chapter 
on the “ Morphology and Life-Cycle of the Parasite of Indian Kala-azar/' and 
to Major Shortt, I.M.S., Director, Kala-azar Commission, for his very 
valuable help to the author in working out the histopathology of dermal 
leishmanoid and making photomicrographs of the sections of the tissues, 
and for many valuable suggestions. 

The authoi is deeply indebted to Lieut.-Colonel Barnardo, C.I.E., 
C.B.E., I.M.S., Professor of Medicine, Calcutta Medical College, and to the 
other colleagues of the author in the Medical College Hospitals, Calcutta, 
for their kind courtesy in letting him study the clinical aspects of the disease 
in his own ward along with theirs; to Major Shanks, I.M.S., Professor of 
Pathology, and the other members of the staff of the Department of Pathology, 
Calcutta Medical College; and especially to Dr. M. N. De, of the same 
department, for the beautiful sections of tissues in cases of kala-azar and 
dermal leishmanoid, and for the kind help rendered by him to the author in 
working out their histopathology. He is also much indebted to Dr. Baini 
Prasiiad, of the Zoological Survey of India, for some of the excellent 
photomicrographs, and to Mr. V. V. Sahone, Meteorologist, Calcutta, for 
giving him the correct meteorological figures for different parts of India. 

The author puts on record his indebtedness to the Librarian, Royal Society 
of Medicine, for his help in preparing the Bibliography, and to the Editors 
of the Tropical Diseases BullefiUf from which much help has been obtained 
in preparing the same, and to his own assistants, Dr. B. B. Maity and 
Dr. S. C. Banerjee, for the great help they have rendered in the collection of 
references ; to Dr. B. B. Shaha and Dr. S. P. Mukherjee, of the Carmichael 
Medical College, Calcutta, in going through the proofs, and to Dr. R. 
Banerjea, of the National Medical Institute, Calcutta, for helping him in 
writing out the Chapter on Laboratory Methods. 

No work dealing with a protozoal disease can be complete without frequent 
reference to the remarkable book on Protozoology, by C. M. Wknyon, 
C.M.G., C.B.E., F.R.S., Director-in-Chief to the Wellcome Bureau of Scientific 
Research, and the author acknowledges the greatest help that he has received 
by frequent reference to this valuable masterpiece of this high authority in 
pi*otozoology. 

Upendranath Brahmachari. 

82 3, Cornwallis Street , 

Calcutta , 
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KALA-AZAR 

(INTERNAL OR VISCERAL LEISHMANIASIS) 


CHAPTER I. 

DEFINITION. 

Kala-azar is ii disease due to a general or systemic infection by a 
member ot the leishmania group of parasites, which give rise to various 
a-ffections included under the general name of leishmaniasis. It occurs in 
children and adults and is characterized by a high mortality in cases not 
treated with antimony, irregular fever, frequently running a chronic course, 
sometimes acute or subacute, and lasting from a few months to two or 
three years, or rarely more. 

It is accompanied by enlargement of the spleen and frequently also of the 
liver, a gradual downhill course with progressive emaciation, anaemia, lenco- 
peiiia leading to marked cachexia and haemorrhage in different parts of the 
body. It is usually terminated by some intercurrent disease or cancrum oris. 


SYNONYMS. 

(Incinding Kala-amr of Adults and of Infants,) 

Leishmaniasis, internal leishmaniasis, visceral leishmaniasis, general 
leishmaniasis, kala-azar of adults, tropical leishmaniasis, Indian kala-azar, 
black fever, black sickness, tropical splenomegaly, cachexial fever, cachectic 
fever, Leishman-Donovan disease, non-malarial remittent fever, malarial 
cachexia (in error), Dum-Dum fever, Burdwan fever, sirkari disease, sahib's 
disease, kala-dukh, kala-jwar, kala-hazar, Assam fever, tropical cachexia, tropical 
kala-azar, ponos (Greece), haplopinacon (Cephalonia), semieh (Sudan), infantile 
kala-azar (Nicolle), infantile leishmaniasis, Mediterranean kala-azar, Medi- 
terranean leishmaniasis, febrile splenic anaemia (Fede), anaemia infantum a 
leishmania (Pianese), leishmania anaemia (Jemma and di Cristina), marda tal 
biccia (Malta), malattia da mensa (Sicily), febrile pseudo-leukemia infantum. 
Broadly speaking leishmaniasis can be divided into the following clinical 
types : — 

1 
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(1) Visceral leishmaniasis. This includes ; — 

(^) Kala-azar of adults, due to Leishuiauui donovani, Ross, 1903 
(Laveran and Mesnil), occurring mainly in India. 

(6) Infantile kala-azar, occurring especially in the Mediterranean 
countries, due to Leishmama infaniuui (Nicolle). 

(c) Sudan leishmaniasis due to Leishmania donovani^ var. anhibaldi 
(Castellani). 

The modern view is to regard all these parasites as one and the same, 
as will be seen later on. 

(2) Deimal leishmanoid — a skin disease recently described by Brahmachari, 
to be found in persons cured of kala-azar by antimonial treatment. (Sec 
Chapter on Dermal Leishmanoid.) 

(3) Local leishmaniasis. This includes : — 

(а) Cutaneous leishmaniasis due to LeisJunanui tropica (oriental 
sore, Baghdad boil, Delhi boil, &c.) and cutaneous lesions due 
to Leishmama donovani. 

(б) Indian oro-pharyngeal leishmaniasis described by Castellani. 

(c) Leishmaniasis Americana (espundia, bubas Braziliana, uta, &c.), 
occur! mg in South America. 

The name ** kala-azar/' though it has the sanction of usage, is not very 
appropriate. It has been stated that it was intended to signify a fever in 
which dark pigmentation of the skin is a constant symptom. Some of the 
observers consider that ‘*kala-jwar" is the proper term, because ‘Mcala " 
means black," and ^^jwar" means fever." But ‘^azar" means sickness, 
and the term black sickness is just as appropriate. The word kala " may, 
however, signify kal, i.e., death, signifying a fatal illness. As was pointed out 
by Ross, the popular use of the adjective ^‘kala" does not necessarily imply 
blackening of the skin. It may mean deadly, just as kala-swaipa means 
deadly snake. Similarly, as Ross pointed out, black death signifying plague 
indicated the terrifying effect of the disease on the imagination of the people, 
rathei than the actual reality of the disorder. This explanation applies 
here also, because some cases of kala-azar do not show great pigmentation 
of the skin. 


HISTORY. 

Rogers held that the old Burdwan fever" (1854-75) was kala-azar. If this 
view is correct then the first epidemic manifestation of the disease could be 
traced to a peculiar type of fever occurring in Jessore in 1824 or 1825, called 
Jwar-Vikar," which Elliot considered was very similar to "'Burdwan 
fever." In 1882, Clarke first described the disease in his sanitary report of 
Assam, in which he pointed out that “there is a fever of malarial poisoning 
known among the natives as kala-azar or black sickness, from the darkened 
colour which the skin assumes in chronic cases.” He also stated that “as far 
back as 1869, the attention of the administrative officers in Assam became 
directed to a peculiar disorder called kala-azar, the ravages of which decimated, 
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and in some instances depopulated, numerous districts in the Garo Hills/’ 
Clarke based his report on the records and notes of 120 cases by McNaught, 
Civil Medical Officer of Tura, the headquarters of the Garo Hills district. 
Rogers has stated that in the administrative reports of Assam for 1875, several 
families were stated to have died among the Garos of a disease called ^'kala- 
hazar.” In 1889, Giles concluded from his investigations that the disease was 
ankylostomiasis, or rather a mixed anaemia brought about by ankylostomiasis 
acting on a population worn down by chronic malarial poisoning “similar to 
the beriberi of Ceylon.” Dobson strongly opposed the ankylostoma theory. 
In 1884 Stephens stated in his yearly report that the disease was distinct from 
malaria though allied to it. In 1894 Hindley described the existence of a 
disease popularly termed Pushkara,” in Jalpaiguri, in Bengal, which was 
undoubtedly kala-azar. 

In i8q6 Rogers considered that kala-azar was a malignant form of malaria, 
and Ross looked upon it as malaria plus some secondary form of infection. 
In 1902 Bentley claimed that the disease was allied to Malta fever. Neil 
Campbell thought that it was ankylostomiasis plus malarial cachexia in 75 per 
cent, of cases, and in the remaining 25 per cent, either ankylostomiasis pure 
and simple or pure malarial cachexia. In 1898, Harold Brown investigated 
“kala-dukh” in the Purnea district, which, according to him, was allied to 
kala-azar of Assam. About the same year Ross investigated “kala-jwar” of 
the Darjeeling district, which was also a disease similar to kala-azar. 

Manson believed that the disease was not malaria because of the absence 
of periodicity in the febrile attacks and non-amenability to quinine even when 
given in massive doses, and in 1903 he suggested that kala-azar might be 
caused by a trypanosome. A few months later in the same year, Leishman 
reported the discovery as early as 1900, of peculiar bodies in the spleen pulp 
of a soldier who died of Dum-Dum fever at Netley Hospital. He came to the 
conclusion that there was a similarity between these bodies and trypanosomes, 
and he published his conclusions in 1903 in a paper entitled “On the Possi- 
bility of the Occurrence of Trypanosomiasis in India,” in which he described 
these bodies as degenerate trypanosomes. In July, 1903, Donovan reported the 
finding of similar bodies, independently of Leishman. He punctured, during 
life, the spleen of patients in Madras suffering from prolonged fever with 
splenomegaly. He contested Leishman's view that they were degenerate 
trypanosomes. Laveran and Mesnil, after examining the specimens sent by 
Donovan, concluded that the organisms were piroplasmata. Identical bodies 
were also found by Marchand in January, 1903, in sections of spleen, liver and 
bone-marrow from a Chinaman who had taken pait in the Pekin campaign 
and had suffered from fever with enlargement of the spleen and anaemia, and 
died in a Hamburg hospital. A demonstration was given before the Leipzig 
Medical Society on February 3, 1903. In December, 1903, Manson found 
similar bodies during life in the spleen blood of a patient from Darjeeling, 
suffering from kala-azar, and showed that these bodies were not endo- 
corpuscular bodies, as had been supposed by Mesnil and Laveran. 

In 1904 Christophers wrote his first report “ On a Parasite found in 
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Persons suffering from Enlargement of the Spleen/' In the same year 
Castellani discovered the parasites in kala-azar patients in Ceylon, and Bentley 
found these bodies in the spleen of cases of kala-azar in Assam. Christophers, 
after examination of the smears of spleen blood of cases of kala-azar of Assam, 
came to the conclusion that many cases of malarial cachexia and kala-azar of 
Assam were one and the same disease. 

In the same year Rogers' paper, entitled, Leishman-Donovan Bodies in 
Malarial Cachexia and Kala-azar,” and his preliminary note on the develop- 
ment of the parasite of cachexial fever and kala-azar into a flagellate stage, 
were published, and it became obvious that kala-azar of Assam and many 
cases of so-called ‘^malarial cachexia," which is prevalent in eastern parts of 
India, were one and the same disease. The term kala-azar quickly came to 
embrace these conditions. In 1906 Brahmachan wrote his paper, On a 
Contribution to the Study of Fevers due to Leishman-Donovan Bodies.” 

In 1905 Statham published a preliminary note, “ On the Ctiltivalion of the 
Leishman Body/’ In the same year Leishman and Statham wrote a paper on 
‘'The Development of the Leishman Body in Cultivation/' 

Besides India, the first case in Asia was observed post moi tern by Marchand 
in 1903. Soon afterwards cases were found by Bassett-Smith among sailors. 
In 1910 Aspland showed that the disease was widely spread in North China. 
In 1911 Cochran reported cases in other parts of China. Saville found it in 
Tientsin, and Jerusalemy found it in Hoang Ho district. Jeffreys and 
Maxwell found it in Formosa. 

In Italy, the first clinical description of the disease was given in i88o by 
Cardarelli. He was followed by Fede, Somma, and other Neapolitan workers, 
who thought that two clinical varieties of the disease existed. One of tliese 
was always accompanied by a rise of body temperature {variefas fehrilis), 
while the second generally ran its course without producing fever {variolas 
apyretica). The second form was considered to include cases of anmmia 
splenica infantum pseudo-leukaemia (Henoch v. Jaksch). The febrile form 
was thought to be infectious, Fede, Pianese and Giantuico conducted 
bacteriological investigations, and the conclusion reached by Pianese and 
Gianturco was that the disease was caused by Bcicteriuin coli, Mya and 
Trambusti found Micrococcus tefragenus present in the apyretic form of the 
disease. 

In 1904 Neave discovered the existence of this disease in Africa in a child 
coming from Anglo-Egyptian Sudan, and in the same year Philips discovered 
it in two adults coming from Arabia. In the same year Cathoire observed 
peculiar bodies in smears from the spleen of a child who had died of an 
ill-defined* disease in Tunisia, and they were subsequently recognized by 
Laveran as Leishmama donovani. In 1903 Laveran's paper on Pirophmna 
donovani appeared. 

In 1905 Pianese found the identical picture in smears from the spleen and 
liver of children dying of infantile splenic anaemia in Italy. In 1907 Pirrie, 
who had been working in the Sudan, died in England of kala-azar. In 1908 
Cummins discovered a case contracted at Sniga on the Blue Nile ; Carrol 
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recorded a second case from the same district, while Black met with two 
cases ; cases were then reported frequently from this district. Bousfield 
recorded seven cases from the province of Kassala and one from Mafaza. 
Thomson and Marshall found forty-one new cases in children and adults 
along the Blue Nile towards Abyssinia, which forms an endemic zone. 
Marshall observed the disease among children of 12 years of age in the Sennar 
province of Sudan. Archibald studied a small epidemic in Kurmok on the 
Abyssinian frontier, and the disease in the Sudan is sometimes called Sudan 
kala-azar. Nicolle and Cassuto in 1907 observed the parasites in the spleen of 
a child in Tunis suffering from irregular fever and splenomegaly. Nicolle 
named the disease infantile kala-azar. 

From 1905 to 1908 Pianese observed only a few cases, and later on none 
at all were seen, so that in 1912 the disease was thought to have died out in 
Italy. Gabbi, however, reported the occurrence of the disease in Sicily and 
Calabria at about the end of 1908. During the years 1908 to 1914, Nicolle 
treated thirty-eight cases in Tunis. 

From 1908 to 1913, 119 cases occurred in Messina, 190 in Catania, and 
no in Palermo. As a result of Gabbi's work, the problem began to be studied 
m Italy on a large scale. It appeared that kala-azar was fairly widespread 
in Calabria, in Sicily, and round Naples, and that isolated cases had also 
occurred in Fiumicino (Rome) and Trieste. 

The disease was also observed in the Mediterranean islands. Archer in 
1907 reported its occurrence in Cyprus, Critien and Babington in Malta 
(1910), Gabbi in Spetza (Grecian Archipelago, 1910). The latter was the 
first to establish definitely the identity of ponos and kala-azar, a fact that 
Gabbi, Mesnil, Laveran, Williamson and others had previously supposed. 

In 1910 Tashinbbey discovered the disease in Tripoli, and m the same 
year Alvares discovered it in Lisbon. In 1911 Christomanos observed cases 
on the Greek mainland ; it had already been observed at an earlier date on 
the archipelago by Aravandinos and Michaelidis. Since 1912 cases have been 
described in Russia (Taschkent, Turkestan) by Marzinowsky, Petroff, 
Nikoforoff, Gourko, Yakimoff, and others. Pittaluga and others observed 
cases in Spam in the same years. The disease has also been found in 
Moscow. 

The reader may consult the list of references in the introductory number 
of Kala-azar Bulletin (19 n) for further references regarding the history of 
the disease. 


GEOGRAPHICAL DISTRIBUTION. 

Asia . — The disease occurs extensively in the eastern parts of India, 
especially in the districts through which the rivers Ganges and Brahmaputra 
pass. There is also an endemic area in Madras, from which many cases 
originate. The provinces of Assam, Bengal, parts of Madras, Behar and 
Orissa, and the eastern parts of the United -Provinces are the chief endemic 
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areas (see Plates I and IV). A new endemic area has been discoveied 
in the south of the Madras Presidency. Childe mentions the case of a 
European lady who contracted the disease either in Bombay or Jubbulpur. 
Another case has been recently reported on the west coast of India. It has 
been observed in Ceylon, where it is rare, and cases have been reported 
in Burma as well as in Siam, Sumatra and Formosa. There are endemic 
areas in certain parts of China, such as Pekin, Central China, and the 
district of Yang-tse-Kiang, and more recently in some parts of South China. 
The disease occurs also in Asiatic Russia, Russian Turkestan, Arabia and 
Asia Minor. It is doubtful whether it occurs in Mesopotamia, though Kiilz 
considers the disease to be endemic there. 

Europe . — The disease is endemic in many parts of Europe bordering on 
the Mediterranean, e.g., the southern parts of Italy and in Sicily, and especially 
in Calabria and the neighbourhood of Messina. In Messina the first villages 
wherein the disease was recognized were Bordonaro, Camaro and Galati 
(Gabbi). Other endemic areas were discovered later, e.g., Catania (Felitti 
and Longo), Palermo and the neighbouring country (Jemma), Naples and the 
surrounding districts (Petrone, Vaglio and Gabbi). Recently, a case of adult 
kala-azar has been observed in Madrid (see Plate II). 

Cases have also occurred in Trieste. In Malta, too, the disease is endemic. 
It occurs in Greece, chiefly in the islands of Spetsa and Hydra. In Hydra, 
the annual death-rate from the disease is estimated at 7 -10 per 6,000 inhabitants. 
In 1911, fourteen children (39 per cent, of the death-rate) died of kala-azar. 
Isolated cases of the disease have been reported from southern Spain and 
Portugal and from France in Marseilles and Nizza. Cases have also been 
described in Russia (Moscow, Mohileff) as well as in Vienna and Riga. 

Possibly anaemia splenomegalica, which Seyfarth observed in the coastal 
district of southern Bulgaria, was some form of kala-azar. In Macedonia 
cases may also be found. 

America . — One case has been observed in South America by Migone (?). 

Africa . — It is endemic in almost the whole of the Mediterranean coast. 
It IS said to be exceedingly rare in Egypt (Archibald). Gabbi states that it 
occurs in Egypt. It is endemic in Tunis, Tripoli, Algeria, Cyrenaica, Jat 
Lakes, Morocco. There is a limited endemicity in the Kassala and the Blue 
Nile districts adjoining the Abyssinian border. Endemic centres pos.sibly 
exist in Eastern Sudan and Western Abyssinia. One case occurred in 
Khartoum (Gabbi), one in the Jehad territory and one in Gabon. With the 
exception of one case described by Bouillez in central Shari, the disease has 
hitherto not been found in the French, Belgian, former German, Spanish and 
Portuguese possessions in West and Central Africa, nor in South-west or East 
Africa — (see Plates II and III). 

The first endemic area discovered in Africa was Tunis. Cases of kala-azar 
have recently been observed in Egypt, in Cyrenaica (Patane), near Lake Chad 
(Bouillez), in East Africa (Lafont, Heckenroth), and in Morocco (Klippel and 
Monier Vinard) — see Plates II and III. 

The disease has been discovered in Kenya Colony (Wenyon). 
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Epidemiology 




It IS impossible to give a complete list of all the places in the world where 
kala-azar might be found. Reference should be made to the accompanying 
Plates I to IV for such information. 


EPIDEMIOLOGY. 

In India, epidemics of kala-azar have only been described in certain parts 
of Assam and Bengal. On the other hand, the disease is endemic in the other 
parts of India which it infects. These include the provinces of Madras, Behar 
and Orissa, and the eastern parts of the United Provinces of Agra and Oudli. 

In Bengal, Rogers held that the old Burdwan fever (1854-1875) was an 
epidemic of kala-azar. Subsequently Brahmachari concluded, both from 
clinical and statistical evidence, that the old Burdwan fever was mostly of 
malarial origin. In more recent times epidemics have been described in 
Assam, in the districts of Purnea (Brown), Darjeeling Terai (Ross). It is in 
Assam that epidemics occurred up to recent times. 

The epidemic fevers of Dinajpur and Rungpur in Bengal which occurred, 
according to Rogers, between 1871 and 1876, but which probably also occurred 
before the seventies, were thought by him to be epidemic manifestations of 
kala-azar. According to him the epidemic fevers of these districts, the 
epidemic of kala-azar of Assam and the kala-dukh of Purnea were manifesta- 
tions of one and the same disease. He thought that the disease was started in 
I^iingpur district in the early seventies by the extraordinary succession of 
unhealthy seasons, and that it spread slowly up to the Assam valley, giving rise 
to the epidemic of kala-azar in Assam. There was an epidemic fever in the 
district of Patna (Behar and Orissa) in 1856-59, which somewhat resembled 
the old Burdwan fever. 


THE ASSAM EPIDEMIC. 

It is practmally certain that Assam is the part of India where epidemics of 
kala-azar once acquired a home. The first epidemic in Assam is supposed to 
have commenced in the Garo Hills about 1870. It spread steadily from year 
to year in an easterly direction along the Brahmaputra valley, following lines 
and roads of communications, and continuing for about ten years, and then 
slowly declining. Recently there have been other epidemics in Assam. 

The nature of the epidemics of kala-azar is characterized by certain 
features : — 

(1) The slowly spreading nature of the epidemic, travelling at the rate of 
ten miles a year and always along the routes of traffic. 

(2) When it attacks a particular village, it clings to particular houses, and 
then spreads from one house to another by means of communication. 

(3) The disease is not diffused generally over a district, but settles in small 
foci. 

The chief factors in its spread appear to be : — 

{a) Human carriers of the disease. 

\b) Close association of the sick with the healthy. 
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{c) Probably the presence of a blood-sucking insect as the inter- 
mediate host. 

(d) Climate and local conditions of the soil compatible with the 
rapid spread of the disease. 

{e) Absence of any immunity in the community. 

The investigations of the epidemiology of kala-azar in India have suggested 
a number of problems which have hitherto remained unsolved. Why did 
the epidemic spread slowly from one place to another, instead of extending 
rapidly over a whole region ? Why did epidemics occur only in Assam, and 
not in other parts of India or elsewhere where the disease is endemic ? 
The suggestion that has been made, that epidemics occur when the disease 
spreads to a virgin soil, is not satisfactory, as it has not been proved that 
epidemics have ever occurred in parts of India where the disease is now 
endemic, except Assam and perhaps Bengal. It may, however, be assumed 
with considerable probability, that in an infected endemic area, there may be 
a great increase in the percentage of deaths among the infected people due to 
unhealthy conditions developing in a particular season or year. An epidemic 
of another fever such as malaria or influenza may have attacked those pre- 
viously suffering from endemic kala-azar, and suddenly raised the mortality 
curve of the disease, thereby giving it an epidemic character. 

It may be pointed out here that endemicity forms a special feature of kala- 
azar. Donovan doubted the possibility of an epidemic outburst in a disease 
of the nature of kala-azar. It is possible that in some of the epidemics malai ia 
and kala-azar ran together, and that in some of them one disease was more 
prevalent than the other. Perhaps in the Assam epidemic in 1870 kala-azar 
was more common, and in the Burdwan epidemic (1854-75) malaria was more 
common. 

In Tunis, Algeria and Portugal, there has never been an epidemic of 
kala-azar. Gabbi has collected information in order to discover at what time 
of year most of the cases occur. He found in Sicily that the disease first 
appeared in spring, and that most cases occurred in April and May, In 
June and July there was some diminution in the number, and by 
August, September, October and November, the disease had completely 
or almost completely disappeared. The curve representing the course 
of the disease reaches its highest point in the month of May. It must 
certainly be added that epidemics, in the true sense of the word, have 
never been observed in Mediterranean countries- Archibald described a 
small epidemic occurring in Kurmok, in the Sudan, on the Abyssinian border, 
and recently such an epidemic has been reported from China. 
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CHAPTER II. 

>ETIOLOGY. 

PREDISPOSING CAUSES. 

Kala-azar is generally a sporadic disease and its endemicity has very 
special characteristics. The possibility of the existence of chronic carriers of 
the disease in endemic centres should be borne in mind. Patients with anaemia 
and oedema, but without enlargement of the spleen and liver and without 
fever have been observed in these places. They harbour leishmania bodies in 
their blood and these may be carriers of the disease. 

It has been found in Mediterranean countries tliat the disease occurs 
during or immediately after the period of dentition (Gabbi, Laveran). 

It has often been observed in children, following on an attack of exanthe- 
matous diseases, such as measles or scarlet fever (Gabbi, Laveran). 

There are various conditions which have a bearing upon the spread of 
infection : — 

(1) Domestic Conditions . — In the endemic areas of India the disease has a 
tendency to run in families living in the same house. Indeed, it may be said 
that the disease tends to cling to the same household. In Bengal it does not 
always affect individuals living in the same house at one and the same time ; 
the husband may be attacked one year, and the wife some years later. In 
Assam and sometimes in Bengal, several individuals may, on the other hand, 
be found affected at one and the same time. 

Similarly in Italy and Sicily, though several attacks have been observed in 
the same family, yet children in the same family living under similar 
surroundings and hygienic conditions and eyen in the same bed, are very rarely 
or never attacked at one and the same time. This applies also to the other 
Mediterranean countries. In the Sudan it is also exceptional to find more 
than one case in one family or in one household. The same may also happen 
among the sporadic cases in the affected parts of Bengal, where only one 
member of the family may be attacked, the others escaping infection. It may 
sometimes be found that a servant living in the same house has suffered 
from the disease previously. Some observers in Calcutta have found that 
only a small proportion of cases give a history of another occupant of the 
same house having the same disease, ' In some cases, however, multiple 
infections have definitely occurred in Calcutta. 

(2) Age . — The age incidence is somewhat variable in different parts of the 
world. In the Mediterranean countries, and certain provinces of China, it is 
mostly infants that are attacked ; however, cases of adults contracting the 
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disease have also been reported from Malta, Cyprus, Sicily, Greece and 
Russia. (Archer, Philips, Babington, Bassett-Smith, Christomanos, Gabbi, 
Goiirko, Petrow and others.) In the Egyptian Sudan older children and 
early adolescents are somewhat more frequently attacked than adults. In the 
region of the Caspian Sea children and adolescents are alike attacked. Some 
of the available statistics in India and China are as follows : — 

In Mackie's statistics, out of 195 cases, 9 were i to 5 years of age, 100 were 
6 to 10, 49 were 10 to 15, 17 were 16 to 20, 12 were 20 to 30, and 8 were 
over 31, that is 76 per cent, were between the ages of 6 and 15 yeais. 
In Rogers' statistics in his Assam series, 25*6 per cent, were under 10, and 
24-4 per cent, between 10 and 20 years of age. Among the sporadic cases of 
Indians in Calcutta, 8 per cent, were under 10, 40 per cent, between 10 and 
20, 32 per cent, between 20 and 30, 16 per cent, between 30 and 40 years of 
age, and only 4 per cent, above 40 years of age. In China, Cochrane found 
32-6 per cent, between i and 10, 29‘6 per cent, between 21 and 30, 21 *6 per 
cent, between 31 and 40, and only 3*6 per cent, between 41 and 50 years of 
age. In a series of hospital cases collected by me some years ago, nearly 
33 per cent, of the cases were under 20 years of age. In a subsequent series 
of 1 18 cases in the same hospital, 3 were under 6, 20 between 7 and 12, 39 
between 13 and 20, 38 between 21 and 30, and 18 above 30 years of age, 
that is, nearly 85 per cent, were under 30 years of age. Other statistics show 
that 50 per cent, of the cases are under 20, and that most of the cases were 
between 3 and 10 years of age. According to McCombie Young, kala-azar is 
also very widespread among children in Assam. The hospital statistics do not 
give an accurate idea of the number of children affected, and in consultation 
practice one meets with a much larger percentage of cases in children under 6 
and some even less than i year old. The lowest age at which the disease was 
observed by me was 6 months. 

During epidemics the disease probably attacks persons of various ages in 
proportion to their age distribution in the population. In Assam the 
proportion of children affected is said to be greater than in Bengal, but this 
requires further investigation. It is quite certain that adults may be attacked 
in places where infantile kala-azar is most common, and vice versa, 

(3) Sex . — In Calcutta the number of males admitted into hospitals is 
greater than that of females and, according to Rogers, in proportion to 
those of other diseases. In his statistics, among Europeans there were twice 
as many males as females above the age of 15, but in children under 15 there 
were twenty-three females to thirteen males. In one of my series the number 
of females admitted into the Calcutta Campbell Hospital was less than could 
be accounted for by the proportion of females admitted for treatment for other 
diseases. This was in part due to the fact that this series contained only those 
which gave positive results on spleen puncture, and this operation was per- 
formed less frequently on female patients. In consultation practice the 
number of affected females is much less than that of males. Thus out of a 
series of 120 cases observed by me there were ninety males and thirty females. 

Rogers found that among tea-garden coolies there was no difference in 
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the incidence of the disease between the two sexes. In China, Cochran saw 
only four females among eighty-three cases. 

In Italy statistics vary on this point. Gabbi found women preponderating 
among his cases. According to Longe, Jemma and his pupils, there is no 
particular difference. In the Sudan, females are attacked only exceptionally. 

(4) Race . — No race is exempt from this disease. In a series of 118 cases 
observed by me in the Calcutta Campbell Hospital, there were ninety- 
eight Hindus and twenty Mahomedans, which would make the proportion 
of Hindus to Mahomedans five to one, and this was found to be the pro- 
portion of total number of Hindus to Mahomedans admitted to the hospital. 
In Assam, Mackie found that the Jain community was free from this disease 
in the affected areas. Later on, however, it was observed among members 
of the Jain community who came from affected areas of Assam and elsewhere. 
In endemic areas the coloured races are chiefly affected, and although the 
white races are not exempt, no epidemic has yet been observed among them. 

British soldiers in Dum-Dum camps were formerly affected, hence the 
name Dum-Dum fever. 

Better class Europeans and Anglo-Indians are much less affected in Bengal 
than the poorer classes. In Assam, the English tea-planters are more 
frequently attacked than the Europeans in Bengal. The poorer classes of 
Indian Christians in Calcutta are frequent sufferers from kala-azar. A British 
high ofl&cial, who had the disease in the United Provinces, came under my 
observation. 

(5) Climate and Seasonal Incideiice. — Kala-azar occurs only in warm 
countries (tropical and subtropical). In those parts of India where it 
occurs the year may be divided into three periods, according to variations in 
the rainfall — the cold season from October to March, the hot season from 
March to June, and the rains from June to October. At the beginning of the 
cold season medium temperatures prevail generally. These continue falling 
till January, except in the Peninsula, where December is the coldest month, 
and then begin to rise. In Madras the average temperature during the 
months of December, January, February and March may range between 
75° F. and 80° F. 

The magnitude of the annual variation of mean temperature in India is 
roughly as follows : about 35° F. in north-west India, about 15° F. in the 
Peninsula, and about 20° F. in the other parts of India. In Calcutta the 
temperature ranges between a monthly mean maximum of 96° F. (April) and 
a monthly mean minimum of 56° F. (January). In Madras the corresponding 
values are 99° F. (June), and 68° F. (January). In parts of the country some 
distance from the coast the range is naturally greater. 

The disease is found in districts which have a mild winter (60° F. to 75^^ F.), 
and, according to Rogers, cases occur during this season in proportion to the 
length of time that the cool weather lasts. It is found inland and in 
mountainous districts, as well as along the coast. 

The rainy season, which is brought by the monsoon wind, begins in the 
last week of May, in Ceylon, Burma, and Southern India. In Central India, 
2 
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Bengal and the West Central Provinces, it begins during the second week of 
June, and in the north towards the end of June. The monsoon lasts until 
September, and in October the rains cease. It is during this period that 
fewest cases of kala-azar occur, according to Rogers. 

In my experience new cases came to Campbell Hospital in Calcutta foi 
admission throughout the year. The largest number of admissions into my 
wards in that hospital were from June to October. In Rogers’ statistics there 
were three to four times as many cases from November to April as in the 
remaining six months of the year. According to Dodds Price, every one of 
his cases in Assam commenced during the cold weather. In the Sudan the 
disease appears to be more prevalent in the period following the rains, i.e., 
between August and December. 

In considering the seasonal incidence of kala-azar, the long incubation 
period of the disease has to be borne in mind. 

In Meditenanean countries the disease occurs chiefly at the end of the 
winter and in the spring (last period of the rainy season) (Gabbi). 

The average temperatures in Sicily from November to May are given 
below : — 


November 

58" K. 

December 

... 48'4‘’ F. 

January 

49'4‘’ F. 

February 

487® F. 

March 

52-3° F. 

April ... 

577" F. 

May ... 

65-8® F. 

Syi'acuse, Tripoli, 

Trapani and Tunis have approximately the same 

climate. 


In the Mediterranean countries east and south-east winds predominate in 
autumn, winter and spring, and north and north-west winds in summer. 

In the Mediterranean countries the disease has a well recognized predilec- 
tion tor sea ports, which are connected with land on the east side. 

McCombie Young 

considers that humidity rather than temperature is 


the chief determining factor in the distribution of kala-azar, but temperature, 
especially minimum temperature, is also of some importance, and the 
conditions of temperature and humidity required for the transmission of 
infection are as follows : — 

(1) A considerable degree of humidity, not less than is indicated by 
an annual mean relative humidity of 6o per cent. 

(2) A monthly mean minimum relative humidity which is not at any 
time less than 40 to $0 per cent. 

(3) A mean monthly minimum temperature not falling lower than 
50° F. 

(6) Habitation and Position . — Up to what height above sea level have 
cases of kala-azar been observed ? Exact information on this point does not 
exist. In Sicily, Signer observed cases in Marineo 613 metres above sea level, 
and in Salemi 442 metres above it. The opinion that the disease does not 
occur at heights over 2,000 ft. (600 metres) above sea level requires further 
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evidence in its support. Cases have been reported to the author from higher 
altitudes, but it cannot be definitely stated where the disease was contracted 
by them. Recently Savage has observed two primary cases of kala-azar in 
Sanawar, in the Simla Hills, at a height of ft- above sea-level (1927). 

In the Mediterranean countries the disease is more prevalent in districts 
near the sea. In towns, the outskirts and rural districts are most affected. 
In the Sudan the disease occurs in villages adjacent to khors and rivers 
(Archibald, Bousfield, Thomson and Marshall). In India the disease 
occurs more frequently in villages than in towns, except in the city of 
Madras, where there is a definite endemic area. Sporadic cases have been 
observed in which the infection could be traced to Calcutta. The disease was 
contracted in dilapidated, ill-ventilated, overcrowded houses, or insanitary 
bustees, or in houses adjoining them. In one or ivjo places, a number of 
houses near to a particular tank or pond were infected more than others. In 
India, a more or less low-lying district with a damp climate and a heavy rain- 
fall, in the neighbourhood of stagnant or running water, seems favourable for 
the progress of the disease. In Italy the infected houses are generally 
overcrowded, ill-ventilated, and occupied by domestic animals, especially 
dogs. 

Archibald has shown that in the Sudan the disease occurs in characteristic, 
limited, endemic areas. The researches of Laveran, Franchini, Fantham and 
Porter suggest the possibility of the distribution of the disease being in some 
way connected with the presence of cysts of the herpetomonads of certain 
arthropods in the water. 

(7) Occupation and Social Position , — The disease is specially common 
among the poorer classes, such as workmen and agricultural labourers, but it 
is also not uncommon among the middle classes in India. In Italy it is found 
more frequently among workmen and peasants. 

Napier has given a list of complicated factors which he considers play a 
part in determining the spread of the disease by means of a hypothetical 
transmitter. They raise an extremely complex and perplexing problem. 
Some of the factors supposed to have a bearing on the incidence of the 
disease are different in towns as compared with rural districts. Others, such 
as an altitude of less than 2,000 ft. above the sea-level, or keeping of chickens 
or ducks in houses, do not appear to be essential factors, and, as has been 
pointed out by Charles Young, it is doubtful how far some of the data formu- 
lated by Napier are relevant to the question of infection. The Jain and 
Marwari community, who never keep ducks or chickens in their houses, 
are not immune. 



EXPLANATION OF THE DIAGRAMS ON PLATE V. 


I. Mononuclear cell from the spleen with Leishman-Donovan bodies. 

2-3. Smears of spleen pulp, containing various forms of the parasite, 
including small torpedo forms. 

4. A later stage in the development, showing cell division in progress. 

5. Group of young parasites. Below, some flagellate forms. 

6. Small group of oval forms ; none flagellate. 

7. Young flagellate forms. 

8. First stages in cell division of flagellate forms. 

9. Further progress of cell division. 

10. Mature flagellates with dividing forms. 

11. Group of flagellates. 

12. Rosette formation. 

13 and 13^. Mature flagellates with chromatin granules 
14-16. Mature flagellates. 

17. Flagellate from which spirillar forms are forming (Leishman). 

17^. Spirillar form (Leishman). 

18. Polymorphonuclear leucocyte containing Leishman-Donovan body. 

19. Cell of spleen pulp containing many Leishman-Donovan bodies. 

20. Endothelial cell containing a large number of Leishman-Donovan 
bodies. 
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CHAPTER III. 

ETIOLOGY {continued). 

THE CAUSAL MICRO-ORGANISM. 

The history of the development of our knowledge of the causation of the 
disease has already been described. 

The parasite of kala-azar is similar to bodies found in oriental sore, by 
Cunningham in 1885, by Firth in 1891 and by Wright, of Boston, in the 
tissues of tropical ulcer in 1903. The parasite occurs in the tissues of man as 
a non-flagellated body, and Rogers was the first to point out that when 
cultured under special conditions it could develop into a flagellated stage. 

It was originally supposed that the parasite found in patients suffering 
from kala-azar in India was different from that found in infants in the 
Mediterranean countries, and accordingly two diseases wei'e described : — 

(i) Indian kala-azar. 

(3) Infantile kala-azar of the Mediteiranean basin. 

The former was supposed to be due to Letshmanta donovani and the 
latter to Leishmania infantum. 

The fact that the disease is prevalent among infants, especially in the 
Mediterranean districts, and among adults in India, and the supposed relation- 
ship between infantile kala-azar and canine leishmaniasis, supported this view. 
But in more recent years it has been proved that adults also suffer in the 
Mediterranean countries. Similarly children under the age of one year have 
been attacked in India. The mode'rn view is that of Gabbi, Wenyon and 
others, who hold that all forms of kala-azar are due to one and the same 
parasite. But this does not explain why the incidence of the disease is 
greater among infants than among adults in one part of the world, and 
vice versa. This fact still remains unexplained. 

ZOOLOGICAL POSITION, MORPHOLOGY, AND DEVELOPMENT OF THE 

PARASITES. 

The parasite was considered by Ross to belong to a special genus 
Leishmania (1903). Rogers, and subsequently Patton, thought that it 
belonged to the genus Herpetomonas. The name Herpetomonas donovani 
was suggested by Laveran and Mesnil (1903). Other classifications now 
abandoned were, Monadidm (Cunningham, 1885), Piroplasma (Laveran and 
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Mesnil, 1903), Helcosoma (Wright, 1903), Microsporidium (Christophers, 1904), 
Trypanosoma (Leishman, 1903). 

Recently Christophers, Shortt and Barraud have still adopted the name 
Herpetomonas donovqnt {1926). Wenyon, however, considers that the inclu- 
sion of Leishmania in the genus Herpetomonas cannot be admitted, as the 
members of the genus Herpetomonas have definite trypanosome stages which 
do not occur in Leishmania (Protozoology, 1926). 

MORPHOLOGY AND DEVELOPMENT. 

The Leishman-Donovan body is a small ovoid or rounded organism. 
The size of the parasite varies considerably. When spherical, it measures from 
I to 3 microns in diameter. More usually it is ovoid, with the long diameter 
measuring 2 to 5 microns and the shorter i-5 to 2-5 microns. Sometimes it 
presents torpedo-like forms, especially when blood and not pulp is drawn by 
spleen puncture. It consists of a mass of cytoplasm covered by a definite 
membrane. On staining with Giemsa’s stain after treating in methyl alcohol, 
it shows two chromatin masses, one larger than the other, enclosed in a mass 
of cytoplasm. The larger chromatin mass is the nucleus or macro- or tropho- 
nucleus, and the smaller one is the micro- or kinetonucleus, or kinetoplast. 
The former is a more or less spherical body lying against the membrane and 
is somewhat flattened on this side. The kinetoplast is usually rod-shaped, 
and is either at right angles, or at a tangent to the macro-nucleus. It stains 
more deeply than the latter. It may also appear as a point. One or more 
vacuoles may be present in the finely granular cytoplasm. 

In deeply stained parasites a red line can be traced from the blepharoplast, 
which lies near the centra of the kinetoplast, to the surface of the parasite. 
This is the axoneme which give rise to the flagellum in culture. 

Multiplication. — The parasite multiplies by simple fission, which is always 
preceded by elongation, and the division of the macro- and micronuclei, and 
the plane of division is always longitudinal. 

Some forms, having attained a larger size, apparently appear to undergo a 
process of multiple division. These are almost circular, and have as a rule 
six chromatin masses, three large and three small, the former being placed 
round the periphery. According to Wenyon, the bodies showing multiple 
segmentation probably represent detached portions of cytoplasm of the large 
cells containing leishmania. 

The parasites, as they occur in man, are probably almost invariably intra- 
cellular. They grow and multiply within the host cell, causing it to enlarge 
and then to di.srupt after disintegration of the nucleus. After being set free 
the parasites are taken up by the endothelial or the polymorphonuclear or 
laige mononuclear leucocytes. In smears they are often seen free, or in 
clusters of various numbers, sometimes arranged with gi-eat regularity. 
Sometimes as many as 50 to 200 or even more parasites are found together, 
embedded in a structureless matrix or stroma, probably the remains of the 
original host cell. 
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The following description of the development of the parasites is mostly 
taken from that given by Leishman (see Plate V) : — 

In his observations the bodies obtained by splenic and liver puncture were 
incubated under aseptic conditions in test tubes, each containing i c.c. of a 
4 per cent, sodium citrate solution, at a temperature of 17® C. to 22° C. 

After two days the little oval parasites begin to grow, and their protoplasm 
takes on a deeper blue stain, becoming opaque and more granular. Then 
they commence to enlarge but retain their original shape. This initial 
enlargement with the retention of the original shape is due in part to the 
enlargement of the macronucleus, which is followed by an increase in the 
quantity of protoplasm, which now stains blue more deeply than before. The 
micronucleus appears somewhat enlarged, but retains its original characteristic 
shape. A marked feature in the development is the early appearance of 
vacuoles in the protoplasm, which persist in all stages of development (fig. i). 
These were not observed by Rogers. Growth at this stage is very rapid, the 
protoplasm and macronucleus both continuing to increase. The chromatin 
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Fig. 1. — Appearance of vacuoles in Leishman-Donovan bodies during development (Nos 4, 5). 

Development of flagellum (Nos 6-8) (After Leishman and Statham.) 

becomes loosened and stains less deeply, but there is no further alteration of 
the micronucleus at this stage. 

From the earliest stages even in very young cultures, multiplication by 
fission occurs. The first sign of this fission is seen in the macronucleus, 
which becomes successively elongated, constricted in the middle and finally 
separated into two distinct parts. Similar division of the micronucleus 
follows. This may, however, sometimes precede the division of the macro- 
nucleus. Schulz maintains that the nucleus divides by mitosis. The process 
of fission is completed by simple cleavage of the parasites into two “ primary 
parasites.” Sometimes one may give rise to three or even four new individuals, 
by a process of further subdivision of the macronuclei and micronuclei. 
Many of these developmental changes up to and even beyond this stage may 
take place while the parasites are still embedded in the protoplasm of the 
splenic macrophages. Christophers also described secondary fission forms, 
composed of bodies of varied sizes, as contrasted with primary fission 
forms. 
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The flagellated stage rarely appears before the third day, but may occur 
within twenty-four hours. 

The first stage towards flagellate formation is an alteration, in. the shape 
of the parasites. They become elongated, being usually thicker at one 
end than the other, and often distinctly pyriform. Sometimes flagellation 
may take place while the parasite is still definitely circular in form. Flagel- 
lation is a very rapid process. At fiist there appears a circular pink-staining 
area in contact with one side of the micronucleus, which may sometimes be 
more diffuse and merge in the blue-staming protoplasm of the parasite. 
Sometimes this pink zone may attain'a size equal to half the diameter of the 
parasite itself. It has been termed the ^'flagellar vacuole.” Following on 
this enlargement of the vacuole, there is rupture of the thin rim of protoplasm 
which forms the external border of the parasite, and protrusion of part of the 
contents of the vacuole in the form of a fringed process, or tuft, of the same 
staining reaction as the contents of the vacuole, and also of a fully-developed 
flagellum, and having the appearance of a bunch of pale pink threads, 
emeiging from the neighbourhood of the micronucleus, passing onwards 
through the partially collapsed flagellar vacuole, and projecting clear of the 
body of the parasite. The filaments united and formed the rudiments of the 
flagellum. Wenyon considers that these appearances are probably artefacts 
due to a rupture of the vacuole, and that the axoneme, which is sometimes 
visible in the leishmania, continues its growth and extends through the surface 
of the parasite to form the flagellum. 

In the next stage, the flagellum tapers slightly from its origin at the 
bottom of their flagellar vacuole towards its free extremity, while its length is 
now half that of the parasite. Then it grows rapidly. In some of the 
fully-developed parasites the flagellum appears to be inserted directly into 
the protoplasm of the parasite, near to, but not directly connected with, 
the micronucleus. The flagellum always arises from the rounded end of 
the parasites, and projects at once clear of the body. When the parasites 
move they advance with the flagellar end foremost. 

A characteristic feature of the cultures is that the flagellates tend to remain 
clustered in groups, with their flagella directed towards one another, so that 
rosettes or spheres of organisms are formed with the flagella entangled at the 
centre. Wenyon considers that the fully-formed flagellate is flattened like a 
blade of grass. Sometimes one edge of the organism is convex and the other 
slightly concave, giving it the shape of a curved sword blade. 

Considerable variations in the shape and structure of the macronucleus 
are found. It is doubtful whether these are due to a sexual differentiation 
among the flagellated forms. The macronucleus is generally granular, and 
in many cases there is a wreath or ring of chromatin granules enclosing a 
noil-granular central zone. These granules are most probably chromosomes. 

In many of the parasites small chromatin dots, distinct from the macro- 
and micronucleus, are found in the protoplasm. They tend to occur in 
pairs, and resemble small diplococci. 

Multiplication by longitudinal fission occurs during the flagellated as well 
as during the non-flagellated stage. 
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A curious process of unequal longitudinal fission has been observed in 
some of the mature flagellate forms, and in this process the nuclei of the 
parent did not appear to play any part. The result of this process was the 
splitting off of a spirillum-like parasite from one end of the mature parasite. 
When newly separated, they are destitute of a flagellum, but it is subsequently 
developed, and these forms are very motile. Leishman considers that it is 
possible that these may undergo a further process of longitudinal division, 
giving rise to ultra-microscopic bodies (Plate V, 17, 17a). 

The flagellates possess no undulating membrane, as do trypanosomes. 

No process of the nature of conjugation was observed by Leishman. The 
body of the fully-developed flagellate is 14 microns to 20 microns long, 
and in the average 2 microns broad, while the flagellum is 16 microns to 
24 microns long. 

The following is the most recent description of the morphology and life 
cycle of Leishmania donovanij as given by Christophers, Shortt and Barraud. 

The usual length of the body of the parasite, measured in wet fixed films, 
varies from about 9 to 16 microns, but stumpy forms may be as short as 
5 microns. The breadth is usually about 1*5 microns, but may reach 2 microns 
or more in stumpy forms. The broad forms are often preparatory to, or 
actually in process of division, but broad forms giving no evidence of division 
occur. The length of the flagellum is frequently about the same length as 
the body and rarely exceeds twice this, except in globular or siibglobular 
forms, where it may exceed four times the body length. (Christophers, Shortt 
and Barraud.) 

ORIENTATION. 

The Leishman-Donovan body, as seen in spleen smears, is a globular or 
ovoid parasite, having near the surface dorsally a kinetoplast with a parabasal 
from which a rhizoplast extends anteriorly, and ventrally a trophonucleus. 

The trophonucleus and parabasal are situated at opposite poles on the 
periphery of the parasite and the rhizoplast is peripherally situated and always 
runs in a direction at right angles to the long axis of the parabasal. 

The trophonucleus often shows an indication of being double. The 
arrangement of the parts may vary, the divided portions often being more 
or less anteriorly and posteriorly situated, though they are frequently seen 
symmetrically arranged on either side of the sagittal plane. 

The rhizoplast is a linear structure about half the diameter of the parasite 
in length. It may appear straight, but is more frequently seen as a somewhat 
curved raph6-like line. It is probably at, or very close to, the surface what- 
ever its position may appear to be. 

The flagellar vacuole lies deeply situated between the rhizoplast and the 
trophonucleus, more or less in the hollow of the curve of the rhizoplast. 

When the Leishman-Donovan body is seen as an elongate, oval or 
torpedo-shaped form, this elongation has usually taken place in an antero- 
posterior direction, so that the trophonucleus and kinetoplast are left closely 
approximated in the middle zone of the parasite, the rhizoplast lying in the 
long axis of the body. 
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Flagellate Forms.— The orientation of the flagellate form closely conforms 
to that described for the Leishman-Donovan body, but the parasite is now 
greatly elongated in an antero-posterior direction and the distribution of parts, 
as described for the Leishman-Donovan body, is modified in the following 
respects. The parabasal with the rhizoplast and flagellar vacuole are carried 
to the anterior extremity of the body and separated from the trophonucleus, 
but they still maintain an orientation very much as described in the Leishman- 
Donovan body, i.e., the base of the flagellum (rhizoplast) is near, if not on, 
the surface, whilst the flagellar vacuole lies deeper in the sagittal plane. The 
parabasal, if elongated or double, has its long diameter in the transverse hori- 
zontal axis. The position of the trophonucleus is difficult to determine. In 
sections it is most frequently markedly eccentric ; the sectioil of the parasite 
being circular, the trophonucleus, also circular in cross-section, is applied at 
one point to the periphery of the parasite. In films it is possible to find 
examples where the ti ophonucleus appears to be so applied, but on the other 
hand, even where the kinetoplast is seen at the side, the trophonucleus appears 
more or less central in position. 

SHAPE OF THE PARASITE. 

The shape of the flagellate form of the parasite varies considerably, but is 
on the whole fusiform with the anterior end, from which the flagellum arises, 
more bulky and obtuse than the posterior. Many developing forms are sub- 
globular. Division forms are often spindle-shaped. Certain forms are almost 
spirocha;te-like, the body being very little broader than the flagellum. 

Viewed under a high-power binocular microscope, the body of the parasite 
appears thick and voluminous, like a bladder filled with fluid, as it does also 
under dark-ground illumination. Folded-over forms that suggest a flattened 
shape are most probably due to torsion constricting the parasite. 

Not uncommonly the body exhibits a twist in its length, giving a cork- 
screw-like effect. 


THE CYTOPLASM. 

The cytoplasm, as seen in wet fixed preparations stained with iron hsema- 
toxylin, is finely vacuolar or reticular in structure, and a few small, more 
distinctly visible vacuoles are generally present, especially posteriorly. In 
certain forms, considered degenerative, vacuolization is distinct. In Giemsa 
preparations most parasites contain a variable number of granules which take 
on a stain with Giemsa very similar to chromatin (azurophil). These granules 
are most numerous in the posterior portion of the body, but also occur 
anteriorly. The granules are also numerous and conspicuous in the round 
forms. 

Almost invariably in suitably stained preparations there is present in the 
fully-developed flagellate in the anterior portion of the body an obliquely 
placed clear cleft-like streak. This passes from the neighbourhood of the 
trophonucleus obliquely forwards towards the flagellar vacuole. Somewfiat 
similar streaks may sometimes be seen in other parts. The appearance and 
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situation are certainly suggestive that this cleft may be of the nature of a 
cytostome. 

A peculiar appearance often shown by the cytoplasm is a longitudinal 
division of the body of the parasite into two portions, one more lightly staining 
than the other, or in Giemsa preparations showing a different tint. The 
appearance is due to different structures forming the body {vide axostylar 
body). 

In addition to the recognized organellae, there are frequently to be seen in 
the cytoplasm of both the fully-developed flagellate and of the stumpy forms 
certain rather obscure lines, chromatinic in character. 

Two different lines appear to be distinguishable in the anterior portion of 
the body. One of these is a line passing more or less directly from the 
neighbourhood of the trophonucleus to the neighbourhood of the parabasal. 
The other is a line passing from the neighbourhood of the trophonucleus 
apparently to join the flagellum. A dark line may also often be seen extending 
posterior to the nucleus. The lines appear to be due to structures about the 
base of the flagellum connected with the axostylar body or its rudiment. 

THE ORGANELLA. 

The Trophonucleus , — The trophonucleus is typically circular or oval in 
shape. In elongate forms it may be compressed so far as to appear linear. 
With a moderate degree of differentiation of the iron haematoxylin preparation 
the trophonucleus appears as a clearly differentiated circular or oval area. In 
some cases this may be surrounded by a paler zone of cytoplasm. With 
further differentiation the black area, which represents the whole nucleus, 
becomes resolved into a more or less central dark portion, karyosome, and a 
lighter staining peripheral portion. The trophonucleus varies in appearance. 
Two types of nuclei can be distinguished, depending upon the condition of 
the karyosome. In Type I nucleus, the karyosome is present as a conspicuous 
globular body approximating to one-half or one-third of the diameter of the 
nucleus. In Type II nucleus, the karyosome is more delicate in appearance, 
as well as less simple in form. In this type of nucleus the karyosomic mass 
is associated with a rod-shaped structure (centrodesmose). The appearances 
for the most part can be placed under one or other of the following heads : 
{a) The rod is unilaterally situated in respect to the karyosomic mass, giving 
a drumstick effect. (6) There is a rod with a medianly situated kaiyosomic 
mass (Saturn-ring effect), (c) The karyosomic mass is divided and the two 
portions lie at either end of a centrodesmose (dumb-bell effect), (rf) Various 
intermediate effects, e.g., a short unilateral centrodesmose. 

The two types of nucleus are commonly bridged by intermediate appear- 
ances. Thus, in a nucleus otherwise of Type I character there may be a minute 
accessory granule, or there may be two such granules. A very common 
appearance is such a granule joined to the karyosome by a short connecting 
rod. In addition to the above there is commonly seen a large karyosome 
mass associated with a smaller mass of perhaps half its size, or there are two 
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closely approximated nearly equal-sized masses, or a bilobed effect of the 
karyosome. Occasionally the karyosome has the appearance of a cross. 

All the appearances are the result of different arrangements of, the 
following : {a) A nuclear membrane enclosing nuclear material ; (6) a 
karyosome mass which undergoes division ; (c) an intranuclear centriole 
which may be present as a single body, or as two bodies when divided, one 
or both of which may be external to the karyosome ; and (d) a centrodesmose 
joining the two centrioles when present. 

Kineioplasf . — Includes all the structures connected with the base of the 
flagellum: (a) A clear vacuolic area, flagellar vacuole ; (&) the parabasal ; and 
(c) the base of the flagellum, rhizoplast, with, under certain circumstances, a 
terminally situated granule ; (d) blepharoplast. 

Flagellar Vacuole . — At the base of the flagellum is a clear vacuole to be 
seen in the living condition and in stained preparations, Jlagellar vacuole. 
The flagellar vacuole is generally about half the width of the parasite in 
diameter. Most frequently it is seen occupying a position at one side of the 
body, in which case the extreme basal portion of the flagellum passes around 
and external to it. It is extremely conspicuous in the early stages of develop- 
ment of the flagellate. On the nuclear hypothesis, the flagellar vacuole would 
represent the actual nuclear sac. 

Parabasal . — The parabasal is a body about half the diameter of the tropho- 
nucleus. It is usually in the form of the two equal-sized, clo.sely approxi- 
mated or connected masses, but is sometimes rod-shaped or may appear as a 
globular, triangular or heart-shaped mass. The parabasal appears to be very 
closely connected with the flagellar vacuole, and may be described as lying on 
the dorsal wall of this structure, usually occupying a posterior position. 

Flagellum . — The flagellum is seen as a more or less uniformly staining 
untapered filament. Its apparent width varies with fixation and staining. 
At its base the flagellum passes round the flagellar vacuole on its dorsal 
aspect, and usually appears to join one side of the parabasal. As a rule, 
especially in wet fixed films, the flagellum appears to pass into the parabasal 
without any break. In cei tain cases, a minute gap may be seen between the 
abrupt termination of the flagellum and the paiabasal, the appearance being 
as if a small vacuole were interpolated in the substance of the flagellum at its 
extreme base. Under certain circumstances a minute stained particle can be 
seen at the basal termination of the flagellum, blepharoplast. Within the 
cytoplasm the flagellum becomes rather suddenly somewhat thinner, where it 
has the appearance of passing along the wall of the flagellar vacuole. Where 
the sheath of periplast is continued on to the flagellum, it often stains rather 
darkly, giving the effect of a funnel-shaped collar round the base of the 
flagellum. In its passage over the flagellar vacuole the extreme base of the 
flagellum, instead of being constricted, as just described, is often considerably 
expanded, so that it appears to end in a gradually broadening cone in its 
passage towards the parabasal. This appearance is associated with division. 
At its free terminal extremity the flagellum often shows a slight club-shaped 
thickening very suggestive of an organ of attachment. 
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Axostylar Body of Christophers, Shortt and Barraud . — A body that can 
scarcely be given any other designation exists in this parasite. Especially in 
Giemsa preparations, the body of the parasite frequently shows differentiation 
of the cytoplasm in such a fashion that a distinct ribbon-like darker stained 
band can be seen passing from the parabasal dorsally over the trophonucleus 
to the posterior portion of the parasite. In most preparations where there are 
many parasites, a number of peculiar bodies may be seen which consist of 
flagellum, a parabasal granule and a sharply defined fusiform prolongation. 
This prolongation is usually much the same shape as the body of a parasite, 
but of about half the thickness. The whole structure in question may be 
mistaken for a flagellate. It will be observed, however, that the fusiform 
structure resembling the body of a parasite has no nucleus. It is a surface 
structure rather than a core. 

As a result of study of the apparent time relations between various details 
of division of the parasite during culture, the following schema has been 
constructed by Christophers, Shortt and Barraud, it being understood that 
in the schema the two newly-formed parasites after stage ii are again at 
stage I : — 


Schema of a Cycle of Division Changes. 


Stages 

Parabasal 

Flagellum 

Tiophonucleus 

Cytoplasmic 

body 

1 

Single or bilobed with 
median rhizoplast 

Single 

Without change 

Fusiform 

2 

Bilobed with lateral 
rhizoplast 

Ditto 

Ditto 

Ditto 

3 

Ditto 

Changes in rhizo- 
plast 

Ditto 

Ditto 

4 

Bilobed or divided 

Ditto 

Early division 
changes 

Ditto 

5 

Divided 

New rhizoplast 
formed 

Rounded-up ... 

Pear-shaped 

6 

Ditto 

New flagellum about 
half length of old 

Centrodesmose 

Globular 

7 

Ditto 

Ditto 

Band-like 

Ditto 

8 

Divided and widely 
separated 

New flagellum about 
three - quarters 
length of old 

Trophonucleus 

divides 

Ditto 

9 

Each single or bi- 
lobed with median 
rhizoplast 

Each single 

Type I nucleus 

Cytoplasmic 
body divides 

10 

Each bilobed with 
lateral rhizoplast 

Ditto 

Without change 

Each pear- 
shaped 

11 

Ditto 

Each single or 
changes in rhizo- 
plast 

Ditto 

Each pear- 
shaped or 
fusifomci. 


TYPES OF PARASITES SEEN IN CULTURE. 

I. — Unaltered Leishman-Donovan bodies. These are found in early 
culture periods only. 

II. — Early flagellation forms. These may show all stages of flagellar 
formation shoi't of the full development of the flagellum. These forms are 
globular or ovoid in shape. They vary in size from those little larger than a 
Leishman-Doiiovan body to large predivision forms. 

III. — Stumpy forms. Short subglobular, pear-shaped, oval or very 
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frequently broad, symmetrical spindle-shaped forms with well-developed 
flagellum. 

IV. — Fusiform multiplicative forms : {a) Elongate oval or torpedo-shaped 
forms, (6) spigot-shaped forms; with length exceeding three times the 
breadth ; body with anterior and posterior portions not very dissimilar 
(« foim), or with posterior portion more attenuated {b form); flagellum as 
long as body or longer. 

V. — Mature flagellates. Large flagellates with length five to six times the 
breadth. 

VI. — Globular or subglobular flagellate forms. Very small forms without 
a flagellum or in process of losing this and with (usually) one chromatin mass 
of relatively large size. As a possible resistant oi encysted stage, this form 
has considerable importance.^ 

(7) Degenerative forms. The following types of parasite appear to be 
degenerative forms : {d) Large fusiform or rhomboidal ; forms with 
vacuolated cytoplasm and often a straight flagellum. (6) Pyriform bodies, 
with vacuolated cytoplasm and degenerative appearance with long flagellum, 
(c) Large globular forms, 3 microns or more in diameter, often with irregular 
nucleus and flagellum several times diameter of the body. 

LIFE CYCLE OF THE PARASITE IN CULTURE, 

In liquid medium, up to the second day, only developing aflagellate forms 
(Types I and II) were present. On the third day there appeared in addition to 
these a number of Type II I (stumpy forms) and Type IV (fusiform multiplica- 
tive forms). From the fourth day onwards the dominant forms were Types IV, 
V and III, of which the first two were in general in great excess. Type IV 
reaching a maximum before Type V. The aflagellate (cystic ?) forms (Type Vl) 
are not seen until the eighth day. As regards the mature flagellate forms 
(Type V) a few were seen as early as the third day, but this form reached its 
greatest numerical prevalence rather late in the culture, i.e., on the eighth day. 

In the first stages of the development of leishmania cultivated on 
N N N medium, Franchini observed that small annular bodies were present, 

’ Christophers, Shortt and Barraud have observed that whilst the general life of the 
culture has reached a maximum by the tenth day, and has apparently become extinct at 
a later period, there is one form of the parasite that seems especially associated with the 
later stages. These are the 0 bodies described by Row. These forms seem to make their 
first appearance when the culture has reached its zenith, i.e., about the eighth day or later, 
and they become increasingly numerous as the culture ages up to a point. In their most 
recent paper (1927) Shortt and others have shown that all the aflagellate forms found 
m older cultures, and classed together as 0 bodies, are not necessarily identical in structure, 
since some may consist of trophonucleus and cytoplasm only, while others may include, in 
addition, axoneme and parabasal. In the case of L. dofiovani they believe that the 0 bodies 
are end-products ot degeneration and are not viable. Attempts to make subcultures of 
L. donovam in which all active flagellate forms had disappeared have always, in their 
experience, been unsuccessful. 
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They resembled young malarial parasites. They contained one or more 
chromatin granules. Nuclear masses and flagella did not develop until later. 
In older cultures (thirty to forty days) flagellafS forms were not so numerous. 
There appeared in their place a circular form, which Franchini considers to 
be an encapsulated form. In cultures eighty days old, the circular forms, 
non-fiagellate and without a kineto-nucleus, were the only ones present. 
These have only one chromatin mass. 

Di Cristina and Cannata hold that in young and old pure cultures, two 
different forms are present. One is an elongate form, and the other a 
pear-shaped non-flagellate body, the latter being considered by them as 
being possibly sexually different from the former. Marzinowsky and Wenyon 
have recognized both these forms in cultures of Leishmavia tropica. 
Di Cristina and Cannata also call attention to certain forms which they 
regard as showing evidence of a sexual process. These are spherical forms 
containing chromatin granules besides the nuclei. They think that the 
granules indicate a maturation process in the preparation of gametes which 
conjugate in anisogamy and give rise to aflagellate forms. 

Rogers and Nicolle found that 20° — 22° C. was the optimum temperature 
for the development of leishmania, up tb the flagellate stage. Franchini 
found temperatures of 18° and 22® — 28® C. favourable for the development of 
the parasite. Young and fairly old cultures will grow and develop for a few 
days at a temperature of 30° C. Between 37° and 40'' C the flagellate forms 
and young cultures die. In old cultures a few of the flagellates may survive 
a temperature of 45“ C. for a short time, and can be subcultured (Franchini). 
Di Cristina has found that young cultures can withstand a temperature of 
37® C. for twenty-two hours, whereas at a temperature of 42° C. they die after 
one hour's exposure. 

At blood heat the Leishman-Donovan bodies die out in a day or two. At 
27° C. they live for several days and appear to multiply considerably. At 
22° C. the parasites multiply rapidly and also" in crease in size and subsequently 
develop into a flagellated stage. Below 15° C the development ceases. 

Fresh human serum destroys leishmania (Archibald and Cornwall), and 
according to Cornwall the serum of goats, sheep and guinea-pigs has the same 
action. On the other hand, the parasites are not destroyed by the serum of 
rabbits, dogs, cats and hens. This action of serum is lost by heating it for 
half an hour at 55® C., and is not restored by addition of complement. Olsen 
did not find the serum of moribund tuberculous subjects, or of experimental 
animals, or the cerebro-spinal fluid of healthy men had any destructive action 
upon leishmania, but he found exudates and transudates had this property. 

MEDIA FOR THE CULTIVATION OF THE PARASITES. 

Sterility is an essential factor for the development of the parasites ; the 
presence of bacteria, especially staphylococci, destroys the parasites of bofti 
Indian and infantile kala-azar. Spagnolio found that the parasites of infantile 
kala-azar grew in the presence of Micrococcus mehtensis. Water kills the 
parasites. Moulds and fungi do not interfere with their development. They 
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quickly degenerate m the tissues after death. They have been cultured by 
Archibald from the splenic material three hours after death. 

Rogers found that normal or slightly hypertonic saline was most favour- 
able to the growth of the parasites, and that the growth was most abundant 
in a slightly acid medium. 

Later on, Novy and MacNeal suggested agar-agar with rabbit’s blood. 
The parasites develop exceedingly well in tubes of this medium. Nicolle 
found that the parasites grow best in what is known as N N N agar medium. 

The following is the formula for the preparation of this medium, as 
recommended by Shortt : 14 grm. of agar are soaked in distilled water 
for twenty-four hours, followed by two changes of twelve hours each. Surplus 
water is decanted off and 6 grm. of sodium chloride added and distilled water 
poured in to make up the weight to 914 grm. (In 1923 Shortt recommended 
the addition of 2‘5 grm. of glucose to the above.) ''The medium is now 
autoclaved at 15 lb. pressure for twenty minutes, and when required for use 
is tubed and again autoclaved. After liquefaction in a water bath and cooling 
to 52° C., rabbit's blood obtained by cardiac puncture is added to each tube 
to the extent of one-third the volume of agar used. The tubes are mixed by 
rolling, and sloped until solidified. They are then placed over-night in cold 
storage or on ice, after which they are capped and incubated for twenty- 
four hours at 37° C., when they are ready for use.’' 

Row has used defibrinated rabbit's blood laked with 8 to 10 parts of 
distilled water and then mixed with 2 parts of 1*2 per cent, salt solution kept 
in a water bath at 56^ C. before the laked blood is added to it. He has also 
used human blood in place of rabbit's blood. 

The parasites can also be cultivated in Kligler's medium, which is made as 
follows : (i) Mix dextrose, o‘i grm. ; nutident agar, 10 c.c. ; normal saline, 
90 c.c. (2) 4'S c.c. of the above are put in separate test tubes. (3) Steriliace 
in steam sterilizer. (4) To each tube add ^ c.c. sterile rabbit's blood serum. 

Various other media that have been tried need not be discussed here. 

STAINING OF FLAGELLATES GROWN ON N N N MEDIUM. 

The usual procedure is to wash the flagellates in salt solution, to centrifuge, 
and stain the deposit of flagellates. The following method is a very simple 
one, and demonstrates clearly the flagellates which are present in the fluid 
part of the medium, as well as those in the solid parts (Shortt). The details 
are as follows : — 

(1) A loopful of the fluid containing flagellates is placed on a glass slide. 

(2) Four loopfuls of citrated physiological saline are added and mixed 
thoioughly with above. 

(3) The liquid is then spread over an area of sq. 

(4) It is then fixed for fifteen seconds in the vapour of 4 per cent, osmic acid. 

(5) The preparation is dried in air as rapidly as possible. 

(6) It is then fixed in methyl or absolute alcohol 

(7) It is washed with distilled water, in order to remove any salt. 

(8) The preparation is then stained with Giemsa or Romanowsky. 
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The last stain, employed in three stages, gives especially good results. 
The following method of Homanowsky staining, described by Shortt in 1918, 
gives very brilliant results : — 

(1) The preparation is stained for two minutes m eosin solution. Poly- 
chrome methylene-blue is added and the two stains are mixed and left for 
another two minutes. 

(2) The preparation is then rinsed in distilled water. It is then stained 
for half a minute in fresh eosin solution. Polychrome methylene-blue is 
added, mixed and the stain left for one minute. 

(3) The preparation is rinsed in distilled water, and stained again as in (2). 
Finally the preparation is washed in distilled water, until the correct degree 
of differentiation is obtained, and then dried with filter paper. 

STAINING OF TISSUES CONTAINING LEISHMANIA DONOVANI. 

The parasites may be stained in tissues by iron haematoxylin or 
Leishman’s or Giemsa’s stain (Shortt). The following method of fixing 
fresh tissues, elaborated by Dr. M. N. Dey (Calcutta), gives very good 
results in showing the Leishman-Donovan bodies when the sections are 
stained with LeishmaiVs or Giemsa’s stain ; Small blocks of fresh tissue 
2 to 3 mm. thick, are placed straight into acetone or methyl alcohol (or ethyl 
alcohol, if the others are not available), which is graded in strength from 
50 per cent, upwards. Fixation and dehydration are carried out as quickly 
as possible by taking the blocks through several bottles of the fixative success- 
ively with short exposure in each, and the process completed in about half to 
three-quarters of an hour. After cleaning in xylol, the blocks are embedded 
in paraffin. The sections made of these blocks are then stained with 
Leishman’s or Gieinsa’s stain. Dr. C. C. Basu (Calcutta) has obtained good 
I'esults by fixing the tissues in Zenker and staining with silver solution. 

RARE FORMS OF LEISHMANIA DONOVANI. (SEE TYPES OF PARASITES 
SEEN IN CULTURE DESCRIBED BEFORE.) 

(1) Swollen, distorted, vacuolated forms with nucleus, staining with 
difficulty, or annular forms described by Cornwall and La Frenais. 

(2) Coccal, granule-like bodies, described by Archibald and others and 
found in the spleen and liver of individuals suffering fiom symptoms like those 
of kala-azar. In Archibald’s case they resembled large cocci, more or less 
uniform in shape. They were massed together in cells which were devoid of 
nuclei, and showed no signs of development even after ten days on the N N N 
medium, but produced kala-azar in monkeys after injection. They probably 
represent a stage in the life history of the parasites, or some of them may 
be degenerated forms. They have been described as ^'aberrant” forms of 
leishmania. 

(3) ''Gangues*' of Laveran and Mesnil. They consist of masses of cyto- 
plasm containing a varying number of nuclear pairs, and have been variously 
interpreted as detached portions of the cytoplasm of large mononuclear cells 

3 
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containing parasites, reproductive phases of the parasites, or degenerative 
appearances. Yakiinoff states that in one and the same preparation he has been 
able to trace the whole development of these bodies ; they commence with 
one nuclear pair ; the nuclei multiply till a inultinucleate body is produced, 
and this segments into corresponding number of nuclei. 

(4) Some observers state that sexual forms of the flagellate occur in cultuie, 
and that multiplication takes place by conjugation. This is very doubtful. 

(5) In old cultures when the nutrient medium of the parasites is exhausted, 
oval or spherical forms are found, which when stained appear to possess 
thicker walls, suggestive of the cystic or post-flagellate stage of certain 

herpetomonad flagellates'* which on subculture may again develop into 
flagellates. 

(6) A “thick-tailed** parasite, with flagellum four or five times as thick as 
usual, has been found by Cornwall and others in bed bugs. One might think 
that they were specific of leishmania developing in bed bugs, but Shortt has 
also seen them in Herpetomonas ctenocephah. 

(7) Row described “post-flagellate** and “ super-post-flagellale ** forms in 
culture, and he believes that they are most infective to mice. Cornwall doubts 
this, and Shortt looks upon them as degenerative lorms. They consist of 
small rounded bodies resembling the original parasite, and they probably 
bear some relation to form 5. 

(8) A curious, very slender form has been observed in culture by 
Leishman, probably subsequently giving use to ultra-microscopic bodies. 

(9) Cystic forms have been described in dried cultures, but they are 
probably artefacts formed in process of drying. 

(10) Small rounded forms with very long flagellae have been described by 
Shortt. 

Accoiding to Wenyon the oiigin of the structures in (2) and (3) is in the 
cytoplasm of large cells containing Leish/nania, portions of which have been 
broken off. They are merely fragmentation bodies. 

LEISHMANIA DONOVANI AND LEISHMANIA INFANTUM. 

Morphologically there is no distinction between the Leishmania {Leish- 
mania donovani and Leishmania infantum) giving rise to internal leishmaniasis 
in different parts of the world where the disease occurs, though in the 
Mediterranean and Caspian areas the disease is associated with a similar 
disease in dogs. As stated elsewhere there seems no reason to separate the 
Mediterranean leishmania from those of India. 
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CHAPTER IV, 

INOCULATION EXPERIMENTS AND LESIONS PRODUCED IN 
EXPERIMENTAL ANIMALS. 

Methods of Inoculation, — Infection is most easily produced by intra- 
peritoneal injection of large dOwSes of the emulsion obtained by crushing an 
infected spleen, liver or bone-marrow in normal saline solution. In the 
case of larger animals, intrahepatic or intravenous injection may be made. 
Infection is not so readily produced by subcutaneous injections. As regards 
the material to be injected, cultures of the virus or emulsions of the above- 
mentioned tissues of an infected man or some other animals may be used. 
Infection is more likely to take place with the virus from the affected organs. 
In the case of culture a large dose maybe required for successful inoculation. 
Attempts at bringing about infection by oral administration of culture of the 
virus have sometimes been successful. Grey monkeys have been successfully 
infected by feeding them with emulsion of the Sudan virus (Archibald). 
Rats have been infected by feeding them with cultures of the Indian virus 
(Cornwall and La Frenais). Knowles infected a monkey from ingestion of 
the infective material. Greig and Christophers obtained positive results by 
the injection of infective material into the lumen of the intestines in a 
monkey. (It may be stated here, incidentally, that Laveran infected mice by 
oral ingestion of L. tropica,) Recently Christophers, Shortt and Barraud have 
observed that, with one exception, where a fallacy may have been introduced, 
the oral administration over a long series of cultures of Letshmania donovani, 
failed to infect tame mice. Adelheim has observed that a healthy mouse was 
infected by being kept for five months in a jar containing an infected mouse. 
The infected mice had ulcers in the intestine containing Leishmania and it 
was thought that infection of the originally healthy mouse was due to oral 
contamination. 

Working with Leishmania donovani, Row found that positive results, 
whether local or general, were obtained only when the cultures abounded 
in small rounded bodies resembling the original parasites or cocci-hke bodies, 
which he described as '' super-postflagellated forms." His observations 
seem to differ from those of Nicolle, Manceaux, Laveran, Gonder, and more 
recently of Shortt, who obtained positive results only by using active 
flagellates. 

Many observers hold that the postflagellated and super-postflagellated 
forms described by Row are products of disintegration of the parasites in the 
culture. Christophers, Shortt and Barraud have, however, recently observed 
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that primary cultures of Leishmania donovani of an age of six days or less 
are probably incapable of producing infections in tame mice when inoculated 
intraperitoneally, and that primary cultures of an age of seven days or more 
are almost invariably capable of causing infections in tame mice under the 
same conditions. They have also observed that under the most favourable 
culture conditions in N N N medium the O bodies of Row (? cystic stage) first 
appear on the seventh day of culture. It is therefore a somewhat significant 
fact that cultures of the seventh day were the earliest to produce infections in 
mice. 

Still more recently Shortt, Craighead, Khazan Chand and Swaminath have 
shown that the flagellate forms of Leishmania donovani found in cultures are 
capable of producing infection when inoculated intraperitoneally into white 
mice without the presence of the O bodies described by Row, and that all the 
evidence available at present is against the probability of the O body playing 
any part whatever in producing infections. 

DOGS. 

Infantile Kala-azar , — Nicolle, Manceaux and Comte were the first to inocu- 
late dogs with the virus of infantile kala-azar. They found that the disease 
in the dog was generally a mild one, and there might be transitory 
elevations of temperature lasting several days. Gabbi and Visenteni (Italy), 
di Cristina and Cannata (Italy), Jemma, di Cristina and Cannata (Italy), 
Alvares and Pareira da Silva (Lisbon) subsequently made successful experi- 
ments with dogs. Di Cristina and Cannata found that young dogs were 
more receptive of infection than old ones, and that even a heavily infected 
dog could continue well nourished and without any detectable disturbance 
of the organs. Gabbi inoculated successfully an Indian dog with the 
Mediterranean virus. Novy infected dogs with cultures of the virus obtained 
in Tunis. He obtained similar results in his experiments on dogs which he 
made in collaboration with Mcjunkin and Schule. Laveran (Paris) and 
Laveran and Pettit (Paris) infected dogs with the Tunisian virus. They 
made a most extensive series of experiments on dogs, and found that the 
infection might be sometimes of such a mild nature in dogs that parasites 
could only be detected in the organs by the cultural method. In these 
mild cases spontaneous recovery may take place. The spleen is not enlarged 
in such cases. Nicolle and Blaizot infected a dog by intravenous inoculation 
with a culture. Yakimoff (Turkestan) infected dogs with the local virus. 
Pulvirenti and Tomaselli (Catania) successfully inoculated the monkey 
intrahepatically with spleen juice of an infected child. 

Indian Kala-azar. — The earliest experiments to infect dogs with the virus 
of Indian kala-azar proved unsuccessful (Donovan, Mackie and Patton), and 
this fact was originally advanced as a proof that Indian kala-azar was 
distinct from infantile kala-azar of the Mediterranean. It is now well known 
that the Indian virus will give rise to infection as often as the Mediterranean 
virus if sufficiently large quantities of the virus are used. Dogs were 
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subsequently successfully inoculated by Donovan (Madras) and by Patton 
(Madras) by means of large doses ranging from 2 c.c. to 4 c.c. of a thick 
emulsion of infected material from the liver, spleen, or bone-marrow. 
Wenyon infected a dog in London from a case of kala-azar from India, the 
virus being afterwards successfully passed through four successive dogs. 
Laveran infected dogs with a culture of Leishmania donovani obtained from 
Row in India, by intravenous and intrahepatic injections. Mackie, and 
Knowles with Napier and Das Gupta have also infected dogs with the 
Indian virus. 

MONKEYS. 

Infantile Kala-azar. — Nicolle, Manceaux and Comte (Tunis) showed that 
monkeys could be readily infected with the virus of infantile kala-azar. In 
these animals the disease may run a mild or a severe course. The 
symptoms in the monkeys are more evident than in dogs. There may be 
fever of one or two weeks’ duration, alternating with periods of apyrexia of 
the same length or longer. When the infection becomes severe the fever is 
moie regular and finally gives place to a subnormal temperature. The 
spleen may be much enlarged. Nicolle and Manceaux have observed an 
exact reproduction of infantile kala-azar in one of their experimental 
monkeys. They also noted that the virus in passing through monkeys became 
more and more attenuated, and they considered that to preserve the strain 
in the laboratory it would be necessary to keep it in dogs. Laveran and 
Pettit infected monkeys and found that some of them acquired a slight 
infection and others a fatal one. They also observed that sometimes, as in 
the case of dogs, the infection was a latent one, and the parasites could only 
be detected in the organs by the cultural method. Tyzzer and Walker 
produced a purely local lesion by subcutaneous inoculation of a monkey 
with cultures of the Mediterranean virus. Marshall (Sudan) and Archibald 
(Sudan) infected monkeys with the Sudan virus. 

Indian Virus . — Row (Bombay) produced local nodules in monkeys by 
rubbing the virus from a human kala-azar spleen into the scarified skin of 
monkeys, and also by injecting subcutaneously 1*5 c.c. to 3 c.c. of an 
emulsion from its subculture. The emulsion from one of these nodules was 
inoculated into the skin of another monkey with the production of a local 
lesion. It was also injected into a monkey intraperitoneally, giving rise to a 
general infection. Korke performed similar experiments. He found that 
subcutaneous inoculation sometimes gave rise to a local lesion in the skin, 
and at other times to a general infection. In some cases general and local 
infections occurred at the same time. Patton infected monkeys with large 
doses of an emulsion of a heavily infected spleen of a kala-azar case. 
Laveran, working with the Indian virus, found that the nature of infection in 
monkeys with the Indian virus was similar to that produced by the Medi- 
terranean virus. Mackie infected a monkey with splenic juice of a case 
that died of kala-azar. Shortt (Assam) infected monkeys with the Indian 
virus from man and other infected monkeys, and in some cases he produced 
acute infection in the animals. 
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JACKALS, 

Infantile Nicolleand Blaizot infected jackals by intraperitoneal 

inoculation of an emulsion of the organs of an infected dog. 

Indian Kala-azar. — Patton successfully inoculated the jackal with emulsion 
of a heavily infected human spleen. 


CATS. 

In spite of many attempts with these animals no one has yet succeeded in 
infecting them. There is a record of one case of a natural infection of a cat 
observed by the brothers Sergent, Lombard and Quilichini in Algiers. 

MICE. 

Infantile Kala-azar. — Laveran and Pettit weie the first to infect mice with 
the Mediterranean virus. Yakimoff and Khol-Yakimoff infected mice by 
injecting cultures intravenously as well as intraperitoneally. Rutelli also 
infected mice by intravenous injection of the splenic juice from a human 
case. Laveran found that the infected mice became anaemic, their spleen 
became much enlarged and their testicles showed signs of degeneration. He 
observed that the virus became more and more attenuated in passing through 
mice, and that the percentage of natural recoveries increased with the succes- 
sive passage of the virus. In certain experimental mice the infection was 
present even after a year, and in others the characteristic lesions were still 
present, though parasites could not be found. 

Indian Kala-azar . — Row (Bombay) succeeded in infecting mice with the 
virus obtained in the following ways : (i) From a local cutaneous nodule in 
an infected monkey, (2) from the spleen of infected monkeys, and (3) cultures 
of the virus Laveran also made successful experiments in mice with the 
Indian virus. Mackie infected white mice after intraperitoneal injection 
of the spleen juice of a boy who had died of kala-azar. Shortt produced 
heavy infection in a mouse with the Indian virus. 

RATS, 

Infantile Kala-azar . — ^Archibald found them refractory to the Sudan virus. 

Indian Kala-azar. — Patton infected a rat with the Indian virus. Cornwall 
and La Frenais infected a rat by injection of a culture of the virus, and another 
by oral administration of bread mixed with the culture, Wenyon infected 
white rats from an infected man. 

GUINEA-PIGS. 

Infantile Kala-azar . — Laveran and Pettit were the first to show that these 
animals were susceptible to the virus of infantile kala-azar. They produced 
a mild infection in them. Fran'chini produced a fatal general infection in a 
guinea-pig by intraperitoneal inoculation with a culture very rich in parasites. 
Archibald found that guinea-pigs were refractory to the Sudan virus. 
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Indian Kala-azar, — Guinea-pigs have not yet been infected with the 
Indian virus. 

RABBITS. 

Infantile Kala-azar, — Volpino successfully inoculated the cornea of rabbits 
by scarifying them and depositing upon them material from the spleen of 
a dog infected with the infantile virus. Rabbits have been found refractory 
to the Sudan virus (Archibald) Mantovani produced a general infection 
'^in a rabbit by intravenous injection of a culture of the infantile virus. 

Indian Kala~azar, — Rabbits do not appear to have been infected with the 
Indian virus. 

FLYING FOXES. 

These have been successfully inoculated by Mackie. 

HAMSTERS. 

Recent experiments by Smyly, Young and Brown and Meleney have 
shown that hamsters seem to be very easily susceptible to inoculation 
with Leishmania donovani. The virus did not become attenuated in its 
successive passage through them. Meleney has shown that the infection 
progresses steadily in its intensity in these animals, and at the end of fifteen 
months the tissue of the spleen, liver, intestinal mucosa, bone-marrow and 
lymphatic glands is replaced by macrophages containing Leishmania. 

GERBOA AND GERBIL. 

Archibald infected them with the Sudan virus. 

It may be stated here that while many species of animals have been 
successfully inoculated by the virus of Indian or Mediterranean kala-azar, the 
percentage of successful inoculations to those which were unsuccessful has 
usually been small. This result has probably been due to the fact that 
experimental animals which showed no clinical manifestations of infection 
were not further examined by cultural methods. In this connection it may 
be stated that Shortt has shown that out of thirteen monkeys inoculated 
intraperitoneally with splenic material, ten, or 77 per cent., became infected. 
All these infections except two were detected by cultural methods. In certain 
cases the infected animal may remain in good health, and scanty leishmania 
are found on spleen or liver puncture and positive results obtained from 
culture of the liver or splenic juice for some time after infection. Subse- 
quently the liver or splenic juice showed no leishmania in film or culture. The 
condition has been termed latent leishmaniasis (Knowles). In other cases 
the animal may show most of the signs of acute or chronic human kala-azar. 
Recent experiments seem to point out that the hamster, as stated before, is 
very easily susceptible to inoculation. Dogs and monkeys perhaps come next 
in order of susceptibility.. Mice are more susceptible than rats. Guinea-pigs 
and rabbits are more difficult to infect. Cats, as stated before, goats, calves, 
pigs, have not yet been successfully inoculated. 
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We give here a summary of the inoculation expeiiments with the viruses 
of Indian as well as of infantile kala-azar and their results : — 

(1) Subcutaneous injection of the Indian virus is followed by a local or a 
general lesion or both. 

(2) Intravenous, intrahepalic or intraperitoneal injection of the Indian 
virus is followed by a general lesion, but never by a local lesion. 

(3) Subcutaneous injection of the Mediterranean virus may be followed 
by local lesions similar to those produced by the Indian virus (Nicolle and 
Manceaiix, Tyzzer and Walker). 

(4) Intraperitoneal or intravenous or intrahepatic injection of the Mediter- 
ranean virus is followed by lesions similar to those produced by the Indian 
virus. 

(5) A monkey after recovering from experimental infection with the virus 
of infantile kala-azar was found subsequently immune to infection with the 
virus of Indian kala-azar as well as of infantile kala-azar (Laveran). If these 
observations of Laveran are corroborated in future, then the results may be 
conclusive in proving that Indian kala-azar is identical with infantile kala-azar, 
an attack of one conferring immunity against the other. 

(6) Dogs are inoculated with difficulty by the virus of Indian kala-azar, but 
with ease by the virus of infantile kala-azar. 

(7) The viruses of Indian and infantile kala-azar are inoculable into dogs, 
monkeys, white mice, rats and some other rodents. 

THE BIOLOGICAL RELATIONSHIP BETWEEN THE DIFFERENT LEISHMANIA. 

It will be seen from what we have stated that more or less identical species 
of animals have been successfully infected by the Indian or the Mediterranean 
virus, with the production of more or less identical lesions with only sliglit 
minor differences. It appears that as our knowledge of the Leishmania has 
increased, the identity of these two viruses has become more and moi'e close. 
Laveran believed that it was no longer possible to doubt the identity of the 
two diseases. We cannot, however, lay much stress upon the value of 
inoculation experiments alone in determining the various species of Leishmania 
found in man, for Leishmania tropica, which causes cutaneous lesions in man, 
may produce general infection in inoculated animals similar to what is 
observed in the case of the Indian and the Mediterranean virus. The facts 
(i) that the virus of Indian or Mediterranean kala-azar may give rise to 
purely cutaneous lesions in animals and occasionally in man, while Leishmania 
tropica may produce generalized infection in experimental animals ; (2) that 
the organisms are morphologically indistinguishable from each other ; and 
(3) that they behave similarly in culture have led some observers to hold the 
view that Leishmania tropica is only a variety of Leishmania donovani. If 
this view proves to be correct, then it may be concluded that Leishmania 
tropica has adopted different conditions of life and transmission from those 
of the parasites of Indian or Mediterranean kala-azar. 

On the other hand, the difference between oriental sore, one of the diseases 
caused by Leishmania tropica, and internal leishmaniasis is so great that one 
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cannot base such a far-reaching conclusion, incontestably, upon the results of 
these experiments. If, however, the parasite of oriental sore be specifically 
identical with that of kala-azar, it must have been attenuated in its virulence, 
for kala-azar is as fatal as oriental sore is benign. Nicolle seems to have 
succeeded in producing a certain degree of immunity to oriental sore and to 
kala-azar in dogs and monkeys by injecting them intraperitoneally with 
cultures and infected material containing the virus of the local and of the 
general disease, though Patton records the case of a patient who contracted 
kala-azar after recovery from oriental sore. In support of- the above view, 
it has long been recognized in India that in districts where kala-azar is 
common, oriental sore is rare. Recent work has shown that this is also 
partially true for the Mediterranean area. 

The position becomes still more complicated from my findings (1923) and 
subsequently those of others in which it was found that patients after having 
recovered from kala-azar after antimonial treatment showed, after certain 
periods, skin lesions containing Leishmaiiia donovani and at the same time 
showed complete sterilization of the internal organs. Still more recently, 
only local skin lesions containing Leishmaiiia have been observed in some 
cases, coming from certain kala-azar infected parts of Bengal, in which there 
was no previous definite history of kala-azar (Acton, Gupta). If future 
observations prove that these are cases of infection by means of the virus of 
kala-azar then the identity of Leishniania donovani and Leishmaiiia tropica 
becomes more and more close. All these cases of dermal leishmaniasis 
including those described by me may be regarded as infection of the skin, 
observed in individuals in which the internal organs either have a natural 
immunity to infection with L. donovani or have acquiied an immunity by a 
previous attack of kala-azar, cured either spontaneously but not recognized by 
the patient, or cured after treatment with antimony. Or is it that these cases 
bear the same relation to kala-azar as vaccinia does to variola, i.e., the Leishman- 
Donovan bodies in passing through one vector lose their virulence, while in 
passing through another retain it, giving rise either to a local benign skin 
lesion in one case or virulent kala-azar in another. We hope that when the 
transmission problem is solved, the identity or otherwise of the Leishmaiiia 
found in internal leishmaniasis and in oriental sore will be solved. At present 
we may, perhaps, remain contented with the view that Gabbi put forward 
that the kala-azar of India, the Mediterranean, the Sudan, China and other 
countries is always the same disease and there seems no reason to 
separate the Mediterranean Leishniania from that of India*’ (Wenyon) and 
that Leishniania infantum as the name of a distinct species lapses in favour 
of Leishmaiiia donovani. 

Attempts have been made to differentiate the species of Leishmania by 
serological tests, the use of which for the separation of true species is of very 
doubtful value. The most precise statements are those of Noguchi 
(1924). He employed strains of L. donovani^ L, infantum^ L, tropica and 
L. brasiliensis. Rabbits were inoculated intravenously on four occasions at 
five to seven-day intervals. The sera from these animals were then used on 
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cultures to test their agglutinating power. It was found that in dilution of 
I : 10, or even i : loo, the serum of the animals inoculated with L, donovani 
agglutinated this organism and L, infantum, but not the two others. Similarly, 
the serum from an animal inoculated with L tropica agglutinated this organism 
alone, and the same was true of the serum of an animal inoculated with 
L. brasiliensis. From these reactions it appears that serologically the 
organisms tested fall into three groups, in conformity with the clinical types 
of disease produced. If the sera were added to the culture media, they were 
similarly specific in changing the character of the growth of the homologous 
organisms” (Wenyon, PROTOZOOLOGY, 1926), 
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CHAPTER V. 

TRANSMISSION OF KALA-AZAR — PROBABLE MODES OF 

INFECTION. 

The mode of transmission of kala-azar is still unsettled. The develop- 
ment of the parasites into a flagellated stage is undoubtedly an important 
part of its life cycle, but it has still to be proved that this stage is necessary 
for the natural transmission of the disease from one person to another, or 
from an intermediate host to man, or that the development of the flagellate 
stage in certain insects under favourable conditions is a positive sign that they 
are to be looked upon as the carriers of the disease. 

The view that the problem of transmission has yet to be solved, though 
somewhat at variance with the view that “only experimental transmission 
from the sandfly would seem to be necessary to prove finally the role of the 
insect in the transmission of kala-azar” is also shared by Wenyon, who, 
in 1926, in his PROTOZOOLOGY, remarks that “the problem still remains 
unsolved.” 

The following modes of infection may be possible : — 

(.4) Direct infection from man to man through lesions in the skin, or by the 
virus being mechanically carried by an insect from the skin of an 
infected individual. 

The following factors are to be remembered in this connection : — 

(1) Leishman-Donovan bodies have been discovered in the papular erup- 
tions and scrapings from the ulcers in the skin in cases of kala-azar 
(Christophers). 

(2) The peripheral blood of kala-azar patients gives positive results in 
smears in a larger number of cases than was at first imagined, and in almost 
every case when cultured on N N N medium. 

(3) The recent discovery of dermal leishmanoid by the author and 
others makes it possible that the skin is the channel by which the parasites 
escape, or at any rate that they may reside in the skin, even when the internal 
organs have been sterilized against the leishmania. 

All these make the chance of skin-to-skin infection a possibility. A direct 
contact between the healthy and the infected at some unrecognized stage of 
the disease, when the parasites are present in the skin in largest number, may 
lead to the infection, if ulcers or abrasions be present in the skin. 

Up to now there are no records of any observation to show that direct 
infection of kala-azar from man to man has ever taken place. 
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(B) The possibility of transmission by some intennediate hosts. 

(1) Flies and other insects may mechanically disseminate the parasites 
from skin to skin, by depositing them on ulcers, by biting with their mouth 
organs, by their faeces contaminating ulcerated or injured surfaces, or by the 
insects themselves being crushed on the skin (Patton). The insects may also 
infect food by themselves, or by their excreta, and thereby the virus may gain 
access to the human body. In these modes of infection it is not necessary to 
assume that any further developmental changes take place in the insect. 

(2) Man may be infected by the natural herpetomonad flagellates in some 
of the ways indicated under (i). The parasites may pass from insect to insect, 
from man to insect, and then to man again. The leishmaniform stage 
in man may indicate that man is not a very favourable medium for the life 
of the parasite. 

(3) Insects may be infected by feeding on the blood, faeces, urine, or other 
excretions of the infected man, or some vertebrate animal, not hitherto 
recognized as harbouring the parasites, and then infect a healthy person. 

(4) Insects may absorb the virus of the disease by feeding upon the dead 
body of another host or on its excreta. 

The discovery of the development of flagellates of the leptomonas type 
from Leishmania bearing close resemblance to natural insect flagellates has 
led to the conclusion that they are transmitted to man through a blood-sucking 
arthropod. Is it possible that more than one blood-sucking insect may 
transmit the disease, and that the virulence of the virus depends upon the 
intermediary host through which it passes? 

The following gives an account of the experimental work on insects for 
the determination of the transmitting host. 

The first experiments in India in this connection were made by Patton in 
Madras, in 1907. He used the following insects : Cimcx Icctnlarins and 
rotundatusj Pedicnlus capitis and corporis^ Culex fatigans, Anopheles stephensi, 
Ornithodorus savignyij Stegomyia ingens. Apart from the first two, from 
the work he published, it appears that he was only able to find the parasite 
in the alimentary canal of a head louse, but it did not develop there. 
Experiments with the other insects led to negative results. 

Bugs.— In the case of Cimex lectiUarius ^nd rotnndatus, Patton found that 
the parasite developed in a manner comparable only to its development in 
artificial culture media. 

When the bugs were allowed to suck the blood from a patient suffering 
from kala-azar, he was able to find the parasite in the alimentary canal of 
the bug, in all stages of development up to the flagellate form. He found 
that on the second day the Leishmania increased in size, the two nuclear 
masses became denser and showed signs of division. 

Flagellse were then formed, or the two nuclear masses divided, until a 
losette stage was produced. Later on, the single flagellate forms divided by 
longitudinal fission, producing ovoid and spindle-shaped forms. The ovoid 
and spindle forms which resulted from longitudinal fission then produced 
thin irregular-shaped bodies. This occurred on the third day after the blood 
had been sucked by the bugs. Growth continued until the fifth day, and 
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after this only flagellate forms were to be seen. Patton thinks it possible that 
the ovoid and spindle-shaped bodies can be produced by the rosette form, 
and that the elongated flagellate parasites develop from these. 

Donovan repeated these experiments in 1909, but he did not obtain the 
same results, although he allowed the bugs to feed on patients who had 
numerous Leishmania in their peripheral blood. After ten days he was unable 
to observe any change in the Leishmania ingested by the bugs. He was 
not satisfied with this result, so he set out to find '^a blood-sucking insect 
which, unlike the bug, is not ubiquitous, but confined in its distribution 
to regions where kala-azar is prevalent." He thought Conorhinits ruhro- 
fasciatus was such an insect. But he was not able to effect transmission 
of the parasite by means of this. 

In repeating his experiments in 1910-IT, Patton found that when Leishmania^ 
from a patient with leishmaniasis, had developed in the alimentary canal 
of a bug, and the bug was then allowed to suck blood a second time from the 
same patient or an infected monkey, the flagellate forms, which had already 
begun to appear, were destroyed. 

Patton obtained the development of Leishmania donovani up to the 
flagellate stage in the alimentary canal of Cimex lectulariuSy fed on kala-azar 
patients, at temperatures -which were most favourable for artificial cultures. 
He studied the changes in the post-flagellate stage and came to the conclusion 
that the small ovoid bodies which were formed were the infective agents, and 
probably these were regurgitated from the stomach of the bug in the process 
of sucking the blood, 

Wenyon looked upon these experiments as showing that the stomach 
of the bug may in a certain measure act as a culture tube for the parasites. 
They may develop therein, but this does not prove that the bug is the real 
intermediary host. 

Repeated experiments made by the author to find Leishman-Donovan bodies 
in the stomach of bed-bugs caught in the beds of patients suffering from 
kala-azar in his wards in the Calcutta Campbell Hospital always failed, though 
he examined several hundreds of such bugs. Similar negative results were 
obtained by Franchini. Mackie found that 815 bugs, caught in the bedding 
of kala-azar patients and 588 laboratory-bred bugs fed on kala-azar patients 
and injected into monkeys after being crushed gave negative results. 

Recently, an entirely negative result was obtained by the Kala-azar 
Commission, India, on several occasions where bugs were fed on kala-azar 
cases. The experiments of Shortt and Swaminath, also of Nicolle and 
Anderson, prove that bed-bugs are not vectors of kala-azar. 

Attempts to infect citrated rabbits' blood in test-tubes by causing bugs 
infected with cultures of Leishmania donovani to bite through a membrane 
consisting of rabbits' skin have given negative results, as shown by culturing 
the blood on N N N medium in which no flagellates could be developed. 

Regarding the period during which infected bed-bugs show Leishmania in 
their stomach or remain infective, the following observations were made 

Cornwall, and La Frenais showed that the flagellate form of Leishmania 
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twenty-nine days after ingestion of a culture of Leishmania donovaiii, if fed 
on rabbits’ blood. 

Patton and Rao fed bugs on regularly arranged cultures of Leishmania 
on N N N media. They found they could subcultui’e Leishmania from the 
middle portion of the gut of one of the bugs at the end of thirty-one 
days. In the case of another experiment they found they could subculture 
Leishmania from the posterior portion of the gut thirty-four days after the bug 
had been fed on the culture. When the bugs were allowed to suck blood 
after they had been fed on culture, it was possible to breed Leishmania from 
the middle portion of the gut, forty-one days later. It therefore seems likely 
that the parasites can live in the bug for a long time, and one may perhaps 
assume that bugs are actually the hosts of kala-azar parasites. It must, how- 
ever, be remembered that according to Patton, La Frenais and Rao, other 
flagellates can also live in the bodies of bugs for many days, e.g., Leptonionas 
pulicis, Crithidia ctenocephali and Herpetomonas muscarum. The last mentioned 
can live in the body of a bug at least forty-five days. 

An observation has been made by Mackie, who found that the bugs fed 
on kala-azar spleen juice were infective to mice for seventeen days if the 
intestinal contents of such bugs were injected into the mice uitraperitoneally. 
Shortt also found that white mice could be infected uitraperitoneally by 
bugs which contained Leishmania, nine days after feeding on a kala-azai 
patient. 

Mrs. Adie, from her observations, thought that she found that a Leishman- 
Donovan body taken in by a bug actually penetrated the walls of its stomach 
and there developed, much in the same way as rat trypanosomes in the 
flea. It appears, however, that this process was only observed by her in 
dead bugs, where obviously the cells behave differently from those in the 
living organisms. Patton has confirmed Mrs. Adie’s work, but it is still not 
certain that in the living organisms the parasite takes up an intracellular 
position. Patton thought that the importance of Cimex as the invertebrate 
host of Leishmania was proved by these experiments. 

Patton's more recent opinion was that the infection in the human subject 
was not caused by a bite, but by the bug being crushed against the skin. 

In his experiments on bugs fed on Leishmania cultures, Cornwall was quite 
unable to recognize any intracellular stage. He thought that the “thick- 
tailed” stage was merely an abnormality, which had no place in the regular 
life cycle of the parasite. He also suggested that the time had come to make 
a diligent search for some carrier of the disease other than the bug. 

More recently Mrs. Adie wrote that she found the parasites in the salivary 
glands and ducts of a specimen of Cimex rotundatus taken from the bed 
of a kala-azar patient. She therefore thought that the disease was transmitted 
by the bite of a bug. According to Christophers and Shortt these parasites 
were not Leishmania at all, but were organisms belonging to the species Nosema, 
Similar organisms are also found in fleas (Liston, Shortt). 

Patton’s hypothesis of the transmission of kala-azar by bugs is therefore 
not yet proven. 
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Conorhuins rubrofasciatus, — With regard to Conorhinus nibrojasciaiiis^ 
negative results were obtained by Donovan after feeding them on kala-azar 
cases. Patton found no evidence of development of Leihhmania in these. 
Cornwall found the common species refractory, even when fed on cultures. 
Recent experiments by the Kala-azar Commission, India, have also given 
negative results. 

The facts regarding the bug theory may be summarized as follows : In 
favour of the theory are : — 

(а) The developmental stages of the paiasite in bed-bugs. 

{b) The peculiar sporadic nature of the disease tending to be limited 
to houses. 

(c) Greater prevalence of the disease in insanitary localities where 
bugs are likely to be more common. 

The following are the objections against this theory : — 

{a) The developmental forms may be observed in test-tubes under 
favourable conditions. Beyond the developmental forms of the 
parasite being present in bed-bugs, there is no further experi- 
mental evidence that bugs are carriers of the disease. 

(б) It is doubtful whether bugs are more common in houses of rural 
areas in Bengal and Assam than those of towns, but the disease 
is more common in the former places. 

(c) All houses in an endemic area are not affected, though bugs may 
be equally prevalent in all of them. 

{d) There is no known cause for bugs to become more infective 
from time to time, and thus to give rise to epidemics. 

(e) No case of infection has been definitely established in hospitals 
where kala-azar cases are treated extensively, though bugs are 
present in them. 

(/) The geographical limits of the prevalence of the bed-bug are 
much greater than those of kala-azar in the provinces of India. 

(g) Kala-azar patients may constantly come from endemic areas of 
India into other districts where the disease is unknown. Despite 
the great frequency of bed-bugs the disease has gained no foot- 
hold there. 

Recently, Shortt, Barraud and Craighead have observed that Conorhinus 
rubrofascMns in various stages of development, fed on cases of kala-azar, 
yielded 00 search no developmental forms of Leishmania donovani. 

Lice. — Experiments with lice (P. capitis and P. corporis) have given only 
negative results. Mackie examined 1,172 body lice and 1,170 head lice taken 
from kala-azar patients with negative results. 856 crushed body lice and 
1,130 head lice from the same source were also injected subcutaneously into 
experimental animals with negative results. 

Fleas. — When Nicolle discovered canine leishmaniasis shortly after 
human lei$hmaniasis had been recognized, he assumed that the latter origin- 
ated from the former. He maintained that the Leishmania found in human 
beings and in dogs were identical, although he had no certain proof that they 
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were. The experiments by which he tried to transmit the disease from one dog 
to another by means of ticks, fleas and mosquitoes were unsuccessful. 

Basile made several investigations to determine the relationship of dogs 
to human leishmaniasis. He conducted his investigations on the following 
lines: (i) Attempts at infecting fleas with human Leishmania and healthy 
dogs by means of infected fleas; (2) study of the Leishmania in fleas. In 
1911 he announced that he found that dog fleas fed upon splenic juice of 
kala-azar patients developed cultural forms of the parasite. 

In the gut of fleas taken from infected dogs organisms were found 
which he thought were Leishmania, because they showed flagellate and non- 
flagellate forms resembling those of Leishmania donovani. However, it did 
not occur to him that the ordinary parasites, Leptomonas of Pnlex scrraticeps 
[ctenocephali) and irritans, were indistinguishable from flagellate and non- 
flagellate Leishmania. He further made the following experiments : {a) He 
kept dogs, found to be free from Leishmania by examination of the bone- 
marrow, shut up with infected dogs and waited to see if the former 
became infected. (6) He took fleas from infected dogs and allowed them 
to bite young dogs, whose bone-marrow had previously been examined 
microscopically and found to be free from Leishmania. The young dogs 
became infected. He thought that by these experiments he had established 
his hypothesis that fleas were the carriers of the disease. 

In the first series of experiments he obtained positive results in nearly 
every case. Almost every dog became infected. However, in similar 
experiments performed by Massaglia, Marshall, Wenyon, Pereira da Silva 
and Gabbi, negative results were always obtained. Their experiments, 
especially those of Wenyon and Pereira, were carried out with greater accuracy. 
In addition to making microscopical examinations of the bone-marrow, they 
made certain that no parasites were present by examining cultures made from 
It. Basile, in his experiments during 1910-ir, neglected to do this. 

In the second series of experiments, Basile was also successful, but 
Wenyon, Marshall and Pereira da Silva, who repeated the experiments under 
more careful conditions, obtained negative results. Sergeiit, Lheritier 
and Lemaire were successful in only one experiment of this kind. They 
took a bitch who was considered by them to be free from Leishmania on 
microscopical examination of her liver tissue, and transferred eighty-two fleas 
from an infected dog to her. The animal was subsequently found to be 
infected. The fact, however, that they assumed that there was absence of 
Leishmania in their experimental bitch before the fleas were fed on her, 
simply on the evidence furnished by microscopic examination of the liver 
juice, throws doubt on the accuracy of the result which they obtained, for 
absence of Leishmania can only be determined with certainty when a culture 
is made. In some cases where dogs are actually infected, no parasites are 
found in the liver in smears. Much importance cannot, therefore, be 
attached to the results of this experiment. 

In later experiments Basile claimed to have found flagellate forms of 
Leishmania in the human flea. Besides, he took fleas from infected children 
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and dogs, and injected their intestinal contents into dogs which had been 
regarded as healthy on the evidence provided by microscopical examination 
of their bone-marrow. He thought that he obtained positive results. 

Pereira da Silva, however, repeated these experiments and obtained 
negative results, though he had been able to recognize organisms with 
flagellae resembling Leishmania in the gut of the fleas which he used. His 
results are summarized as follows : — 

(1) He found organisms like Leishmania in fleas when they had been 
allowed to feed on healthy dogs erroneously thought to be infected. 

(2) The intestinal contents of a Pulex irritans taken from a child suffeiing 
from kala-azar, and containing flagellate parasites, were introduced into a 
healthy dog without producing infection in the dog. He had undoubted 
proof (by means of cultural examination of the bone-marrow) that his 
experimental dogs were originally healthy. 

(3) Twenty-five fleas {Pulex irritans) which were shut up for forty-five 
days with a dog suffering from severe leishmaniasis did not become infected. 

Basile thought that the following experiments provided further support 
for his hypothesis. He took the intestinal contents from fleas which had 
been feeding on infected dogs, and which contained parasites of the same 
type as Leishuiania, and injected them into the abdominal cavity of the 
mice. He obtained positive results. Laveran and Franchini, however, using 
intestinal contents from fleas containing natural herpetomonads, were also 
able to infect mice in the same way. They found non-flagellate parasites 
resembling Leishmania in the tissue fluids of the mouse. They also 
succeeded in infecting dogs with the natural herpetomonads of insects. 

Basile still contends that the flea is the transmitter of kala-azar, but it can 
do so only when the requisite conditions of temperature and also perhaps 
atmospheric humidity exist. He says that the authors that have met with 
negative results did not pay attention to these during their experiments. 

It is well to remember that Basile himself produced no evidence that the 
flagellates observed by him in the fleas were other than natural flagellates of 
these insects. The negative results of other observers may have been in large 
part due to their excluding such natural flea infections. Moreover, the 
percentage of leishmania-infected fleas discovered by Basile corresponds very 
closely with the percentage of naturally infected fleas in kala-azar-free 
countries, so that the inference is that the flea flagellates supposed by him 
to have developed from the Leishmania were really nothing more than the 
natural flagellates of the fleas. 

The following additional facts stand in opposition to the theory that the 
flea is the transmitting agent of infantile kala-azar: — 

(1) Pulex irritans and serraticeps do not become infected when fed on 
cultures of Leishmania, 

(2) The intestinal flora of the flea is an unfavourable medium for the deve- 
lopment of Leishmania (Scordo). The ordinary intestinal bacteria inhibit the 
development of Leishmania donovani in pure culture (Spagnolio). 

(3) The parasite has been found in the peripheral blood-stream of man. 

4 
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If, therefore, the fleas common to man are the carriers of the disease, one 
would expect it to be very much more widespread than it is, both among men 
and dogs. 

(4) Infected dogs are hardly ever found in houses where children have 
contracted kala-azar (Gabbi, Di Cristina, Pulvirenti, Spagnolio and others). 
In fact, some of these families do not keep a dog at all. 

(5) Dogs infected with leishmaniasis are sometimes found in districts and 
towns where kala-azar has never been observed. 

(6) Cases of kala-azar are often observed in households where the dogs 
are not infected with leishmaniasis. 

(7) In certain towns and districts, few children and many dogs contract tlie 
disease (Tunis and Algiers). In Catania, Messina, Palermo, Athens, and 
Pyraeus this proportion is reversed. 

(8) In one family a number of children may become infected, but a space 
of a year or more may intervene between the occurrence of each new case. 
The new cases do not occur until the old ones have quite recovered. 

(9) If the disease was transmitted by fleas infantile kala-azar would occur 
most frequently in summer and autumn, when the fleas are common and 
active. The fact is, that it occurs most frequently in winter and spring when 
fleas are rare and hardly bite at all. 

These facts suffice to condemn the theory of the flea as carrier of the 
disease. It must also be added that so far no clear proof has been pul forward 
that the Leishmania found in dogs are the same as those found in human 
beings. The experiments of Scordo, Moldovan and Giugni show that it is not 
only in their biological reactions that the two parasites differ, but when grown 
in the same nutritive medium the human and canine viruses develop in 
different ways. (Wenyon, however, holds that in the present stage it is 
better to consider the two parasites as identical.) 

Mosquitoes. — Fianchini found ihdii Anopheles of the claviger variety would 
feed on cultures of Leishmania and retain them in the gut for several days. 
From this he concluded that this insect might be a carrier of the disease. 

He claims that there must be some condition of the gut of Anopheles 
wacidipennis and Culicidae, including Stegomyia fasciatci, which favours the 
development of Leishmania. 

He pel formed a number of experiments in Catania. He allowed the 
anopheles to feed on the spleen juice of children suffering from leishmaniasis, 
and was able to find numerous parasites in the gut eight days later. These 
resembled Leishmania in degenerate and rosette forms. Most of those which 
he found were non-flagellate, but he found flagellate forms in one mosquito 
after four days, whereas he never observed these in mosquitoes which had 
not fed on spleen juice. He tried to show that the development of these 
bodies had much in common with that of Leishmania, although in some 
stages the similarity was not always easy to perceive. Gabbi, however, has 
shown that BVanchini’s assumptions are quite unjustifiable, because the 
infantile form of the disease is most prevalent in January, February and 
March, when very few mosquitoes are in existence. 
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Scordo, on Gabbies recommendation, tried to test Franchini's results by 
very careful experiments. He observed that Leishmania found in spleen 
juice never developed flagellates in the stomach of mosquitoes. This was his 
crucial experiment. Besides, Scordo found rosette bodies, which Franchmi 
called Leishtnaniay in mosquitoes which had never fed on infected spleen 
juice. 

Mackie examined 266 Culex sp. and 18 Anopheles fed on patients with 
negative results. 

In the author's opinion further investigations in this connection are 
desirable. 

House-flies, — Up to the present time there is no evidence to incriminate 
these as carriers. Leishmania are quickly destroyed in them. They have, 
however, been found by Laveran to carry Leishmania tropica mechanically 
with their wings and legs. 

Other Possible Vectors, — Ticks have given negative results (Donovan). 
The Kala-azar Commission, India, examined a number of Sarcoptes with 
negative results. Ankylostomes, Strongyloides, leeches, have all given negative 
results. 


OTHER CHANNELS. 

(A) Infection through the Intestinal Tract, 

The peculiar endemicity of the disease in the Sudan and its limited 
epidemic nature as first established by Archibald, make it possible that the 
disease may be a water-borne one, the water being contaminated with cysts 
from infected arthropods. There is the additional fact that the disease, as 
observed by Archibald, exists more commonly in villages situated near water, 
than in those further away. 

Archibald and others have further succeeded in infecting monkeys by 
feeding them with emulsions of virus. 

Greig and Christophers record a case in which a positive result was 
obtained ''by the injection of infective matter into the lumen of the intestine 
in a monkey, but the result is not conclusive as, in spite of all precautions 
taken, infection by the needle track cannot be absolutely excluded.*' 

The fact that in the early typhoidal stage of the disease there is a positive 
Widal reaction in many cases, as in typhoid or paratyphoid, suggests to the 
author that the disease may begin as a mixed infection in the intestinal tract. 
The presence of Leishmania in intestinal ulcers, and the recent confirmation 
of this by Perry, prove that the parasites may be voided in the stools, and 
directly contaminate drinking water. The parasites may thus be taken up by 
water. It is, however, only very rarely that the faeces contain Leishman- 
Donovan bodies. Mackie found some suspicious bodies in a smear of the 
faeces, and Critien also found the presence of Leishman-Donovan bodies in 
the mucous stools of a case suffering from kala-azar. Generally speaking, the 
examination of the faeces gives only negative results. Further research should 
be carried out m this direction, in view of the fact that Shortt has recently 
found Leishmania in the urine of kala-azar patients, which makes it possible 
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that the urine may also contaminate drinking water. It must be remembered 
that the parasite quickly dies in soil or water. 

Recently Christophers, Shortt and Barraud have observed that the oral 
administration over a long series of cultures of Leishmania donovani failed 
to infect tame mice, with one exception, where a fallacy may have been 
introduced. 


(B) Infection through Intestinal Worms. 

Hitherto there appears to be no evidence for this possibility. No 
developmental forms of the Leishman-Donovan body have ever been 
discovered, either in the embryo of Ankylostoma duodenale or the adult 
worm. Animals injected with the embryos have given negative results. 
Whether their ovaries may be infected by an undetermined phase of the 
parasite should be investigated, as well as the behaviour of othei parasites in 
this respect. 


(C) Infection from Contaminated Soil. 

The soil may be infected with the stools, urine, or other excretions contain- 
ing Leishmania from an infected individual, and subsequently infect a healthy 
individual, through an abraded portion of the skin, like infection in the case 
of ankylostomiasis. But this method of infection is very unlikely, as 
Leishmania die quickly in the soil. 


(D) Infection by Inhalatioii. 

The chances of infection by inhalation of substances cov\i^mmg Leishmania 
must be very unlikely. 


It is possible, as Archibald suggests, that some insects may harbour an 
undiscovered phase of the parasite which may infect their ovaries and bring 
about a hereditary transmission, or that it may be found ex corpore in some 
cold-blooded vertebrate host. 

McCombie Young has suggested that perhaps the solution of the problem 
of transmission may be found in an explanation which combines gross fsecal 
pollution of the site and a life-history of the parasite in some coprophagic or 
coprozoic vector, or at any rate in the conditions which attend life in an 
unhygienic environment. 
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TRANSMISSION OF K^L^-AZkR—conHnneci, 

THE r6lE of the SANDFLY IN TRANSMISSION. 

Knowles, Napier and Smith have observed that females of Phlebofomus 
argentipes fed upon the blood of kala-azar patients showed herpetomonad 
forms in their gut. Extensive researches have been carried on in this direction 
by the Kala-azar Commission, India, and the following is a summary of the 
latest findings of Shortt, Barraud and Craighead of that Commission regarding 
the development of Leishmania donovani in sandflies. 

[A) The Interval from the Initial Feed up to the Second Feed, 

If a sandfly {Phlebofomus argentipes) is fed on the peripheral blood of a 
kala-azar patient and is kept at a temperature of 28® C., the following series of 
changes are observed : — 

Any variation of more than i® C. or 2® C. above or below this temperature 
acts adversely on the length of the life of the fly. 

If the fly be dissected at the end of the first twenty-four hours, a few 
herpetomonad parasites, singly or in small groups, may be found. 

At the end of forty-eight hours after the initial feed, some flagellate forms 
are present, but these are as a rule not fully developed. The forms seen are 
in many cases sluggishly motile, showing a swaying motion with little attempt 
at translation. Division forms are common, if not actually the predominating 
form. 

In dissections, made seventy-two-hours after the initial feed, a new phase 
of development commences, characterized by the presence, for the first time, 
of elongated free-swimming forms of flagellate. Besides, there is an increase 
of all the flagellated forms previously present. Multiplication is evidently 
very active. For the first time there may be seen the initiation of rosettes. 
The free-swimming elongate forms appear to be endowed with an intense 
vital activity, capable of carrying them into any situation penetrable by 
bodies of their bulk. There is at this stage usually a general diffusion of 
the parasites throughout the midgut. By the end of the third day there are 
present in the gut of the fly, although in comparatively small numbers, most 
of the stages of the flagellate which are seen up to the eighth or ninth day. 

The stage arrived at by the fourth or fifth day after the initial feed of the 
fly is one of intensely active multiplication, until the gut becomes a seething 
mass ot active flagellates with a very distinct bias towards the concentration 
of the flagellates in the more anterior parts of the midgut. 

At the fifth day, before a second feed has been taken, a very large number 
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of flagellates may be found in any situation in the midgiit ; besides, there is 
almost invariably a well-marked tendency for the accumulation of the bulk of 
the flagellates in the more anterior parts of the midgut, and especially in the 
narrow portion extending backwards through the thorax from the posterior 
margin of the proventriciilar fold. Another situation in which a con- 
siderable accumulation may take place is posteriorly near the region where 
the Malpighian tubules open into the alimentary canal. They sometimes 
ascend the Malpighian tubules and the diverticulum, and comparatively 
large numbers, but never masses, may sometimes be found in the intestine 
as far as the anal opening. 

The greatest development of flagellates is at or near the extreme anterior 
end of the midgut. 

The flagellates in this situation are arranged in palisade formation, often 
many layers deep, around the entire circumference of the proventriciilar 
fold. The growth in this situation may form a plug, blocking up most 
of the lumen of the gut. The flagellates composing the plug show a 
general antero-posterior orientation. In an unusually intense infection it 
is sometimes found that the flagellates have penetrated through the com- 
paratively constricted oesophagus and have invaded the pharynx, sometimes 
in considerable numbers. On the fourth or fifth day after the initial feed, the 
fly will have laid its fiist batch of eggs and will be ready for a second feed. 

(B) The Interval from the Second Feed to the Eighth or Ninth Day, 

If the fly be examined on the day after its second feed, fed on the same 
case which supplied the first meal, or on an experimental animal, it will 
be found that once a massive infection of the extreme anterior end of 
the midgut has been established, there is a progressive extension forwards 
of the massive growth of flagellates in the posterior extremity of the pharynx. 

The diverticulum, which enters the oesophagus, may be invaded by 
numerous free-swimming flagellates, and at a latter stage there may be a more 
massive growth at its oesophageal end. 

In the earlier stages of the invasion of the pharynx by a massive growth, 
its posterior extremity is filled up by a dense growth of flagellates, from which 
free-swimming elongated forms are given off anteriorly, and these show a 
decided tendency to swim forwards along the gradually narrowing pharyngeal 
lumen. As time proceeds there is a continuous extension forwards of the 
massive growth in the pharynx, until the lumen of that organ becomes blocked 
with a solid plug of more or less stumpy flagellates. Throughout this 
process there appears to be a continual setting free of elongate forms 
anteriorly. These tend continually to carry the infection in an anterior 
direction and may be the infective forms. 

When the main mass of flagellates filling the lumen of the pharynx has 
reached the junction between that organ and the buccal cavity, it 
apparently finds in the somewhat angular junction of the two cavities a very 
favourable situation for the formation of an extensive growth. 

From the free anterior extremity of this growth numerous elongate 
free-swimming forms may be seen to break off and proceed anteriorly as 
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far foi wards as the anterior extremity of the buccal cavity, close to the 
commencement of the biting month parts. The stage is arrived at by the 
seventh or eighth day after the initial infective feed, and the second, third, or 
fourth after the second feed. 

If the preparation from the extruded contents of the lumen of the gut be 
now examined, it will be found that the flagellates of which it is composed 
show a very great preponderance of the elongated types. 

This type is par excellence the wandering type of flagellate. It is the form 
which gives to the fresh preparation an appearance of seething motility. 
This is also the predominant type that forms the great bulk of the flagellates of 
the compound rosette masses often found in the midgiit in heavy infections. 

In the preparation made from the gut wall itself, the vast majority of the 
flagellates seen are of the short stumpy form. 

Still more recently, Shortt, Barraud and Craighead have noticed massive 
infection of the buccal cavity in a sandfly, which had received only two 
feeds, and was examined on the ninth day after the initial feed. The 
infection extended forwards in an unbroken column throughout the length of 
the pharyngeal and buccal cavities until it reached the mouth proper, where 
the biting appendages took origin, the most anteriorly placed flagellates 
extending even beyond this situation to a position distal to the salivary 
pump. It consisted chiefly of elongated flagellates, especially in its most 
anterior parts. It appears that the intensity of infections, and the extent 
of their development, in any case depend, other factors being uniform, on 
the initial number of parasites ingested from the peripheral blood, as well 
as on the time which elapses since the initial feed. 

The same observers have also found that the O bodies of Row might be 
produced in the midgut of the sandfly, after a second or subsequent feed. 

They consider that the course of events in artificial cultures of Herpe- 
tomonas donovani in N N N medium is an accurate recapitulation of the 
natural courbe of development in the sandfly PJilebotomtts argenfipes. 

Normally, the adult female sandfly takes its first blood meal on the second 
day after pupation, copulation takes place immediately and oviposition on the 
fifth or sixth day, the fly dying immediately afterwards, and the larvae 
usually feeding on the dead body of the mother subsequently. The ova 
require a very high degree of humidity, almost saturation in fact, but the 
pupae do not ; the imago, however, again requires a high degree of humidity. 

The fact that the greater majority of fed female flies die after oviposition 
on the fifth or sixth day would seem to militate against the insect being 
the true vector of kala-azar; but it has been shown by Shortt, Barraud 
and Craighead that the main factors in inducing oviposition with continued 
life of the fly, in Phlebotomus argentipes bred in captivity, are a temperature 
of 28° C., with upward and downward variations of not more than 1° C. to 
2® C., and an accurate adjustment of the degree of humidity. Under these 
connections a considerable number of fed female flies survive after 
oviposition, and feed a second and even a third time. 

We have given above a summary of the most recent work of the life history 
of the parasite of kala-azar in the sandfly, by Christophers, Shortt and Barraud. 
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A short comparison of the infection of Phlebotomns argentipes by 
Leishmama donovani, Ctenocephalus canis by Herpetoinonas cleuocephali and 
of the tsetse-fly by Trypanosoma gambiense is given below ; — 


InfectecLmsect 

Direction of infection in the alimentary 
canal 

Infective forms 

Sandfly infected bv L. 
doiiovau! 

Ctenocephalus cams infected 
by Hcipetomonas cfcno- 
cephali 

Tsetse fly infected by Trypano- 
soma gamhiensc 

F 01 wards from the midgut till it 
reaches the mouth proper 
Backwards till the rectum is 
intensely infected 

The posteiior portion of the mid- 
gut is infected and subsequently 
the salivary glands are infected 

No infective cystic forms have 
yet been discovered 

Cvstic (?) infective forms are pro- 
bably eaten up by larvae which 
thereby become infected 

No cystic infective forms 


The problem of transmission of kala-azar by means of sandfly is still in an 
unsettled stage. The following points may be noted in this connection : — 

(1) There is as yet no evidence of hereditary transmission of the infection 
from one sandfly generation to the next by direct infection of the sandfly 
ovum in situ. 

(2) There is no evidence of infection of the larvae by their feeding on the 
bodies of their mothers. 

(3) Regarding the possibility of the infection taking place through bites of 
infected sandflies, the latest report of Short!, Barraud and Craighead (1927) 
keeps the position unsettled, as seen from their following remarks : — 

“Sixty experimental animals, subjected to 184 bites from a minimum of 
X52 Phleboiomus argmhpes known to be infected with Leishmania donovani 
have in no case developed kala-azar. The presumption is not that Phlebotomns 
argentipes cannot transmit the disease by its bite, but that the experimental 
animals used were not sufficiently susceptible to Leishmania donovani to 
become infected, except as the result of a more intensive exposure to 
infection than that lo which they were subjected in the present experiments. 

No single human volunteer has so far been infected by the bites of even 
heavily infected sandflies in any of Shortt's experiments. 

In October, 1926, Shortt, Barraud and Craighead gave an account of the 
occurrence in nature of a Phleboiomus argentipes infected with a flagellate 
morphologically identical with Leishmania donovani. The fly was caught 
in a house at Bakktiarpur, near the Pusa Estate in Bihar. 

Recently it has been observed that very rarely Leishmania donovani may 
undergo development into flagellates in Phlebotomns papatasii, and it has been 
shown by the workers in China that they could develop 111 the mid-gut of 
Phleboiomus major. (See Addendum.) 

The fact that Phleboiomus argentipes has been discovered in the city of 
Bombay (McCombie Young, 1927), the meteorological conditions of which city 
seem to approximate to those of many kala-azar infected places, appears to go 
against the theory of the possibility of the transmission of kala-azar by tWs 
sandfly, as no undoubted case of kala-azar has been reported from Bombay. 
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CHAPTER VII. 

CANINE LEISHMANIASIS---ITS RELATION TO HUMAN 
LEISHMANIASIS. 

Nicolle tried to find the intermediate host of the virus which attacks 
human beings. He turned his attention to domestic animals found in towns, 
chiefly cats and dogs, because he thought that it was in towns that the disease 
occurred most frequently. 

He was struck by the fact that children suffering from kala-azar had often 
come in contact with dogs. He examined some of the dogs which he thought 
were affected, and found parasites of a similar form to those found in children 
affected with kala-azar, in the spleen, liver, and bone-marrow. He therefore 
assumed that leishmaniasis in the human subject originated from canine 
leishmaniasis. 

In order to substantiate this conclusion, he decided to examine the 
dogs which had been killed in the slaughter house in Tunis. He found 
(March, April, May, 1908) four dogs affected with leishmaniasis, among the 
222 dogs which he examined, Nina and W. L, Yakimoff examined 299 dogs 
in Tunis from January i to May 23, 1911, and found five affected with leish- 
maniasis. Nicolle's discovery led the brothers Sergent to follow out canine 
leishmaniasis in Algiers. From July 15 to October i they examined 125 dogs 
and found Leishmania in nine of them. There was a difference in the percen- 
tage of affected dogs in Tunis (i*8 per cent.) and Algiers (7*2 per cent.), although 
in Algiers only a few cases of kala-azar occurred. According to Nicolle 
this difference was due to the fact that the investigations were made at 
different times of the year. S6nevet confirmed this opinion. He examined 
twenty-three dogs in spring and in summer. In the first group 1*6 per cent, 
were affected, and in the second 8-8 per cent. Gray, repeating the experiments 
in Tunis between October 16 and December 5, found only two dogs which 
were affected. 

Basile repeated Nicolle’s investigations in Bordonaro, where Gabbi had 
discovered an endemic area of kala-azar. He found that 71 per cent, of the 
dogs were affected with leishmaniasis. This, however, was not all. Whereas 
Nicolle had only been able to confirm the simultaneous outbreak of kala-azar 
in children and dogs in a few cases, Basile found that in almost every house 
where a child was affected, a dog also had the disease. 

On the other hand, Spagnolio, who had studied all the cases of kala-azar 
in Bordonaro for four years, did not find, even on a single occasion, a child 
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and a dog simultaneously affected. Many families in which a child was ill 
had no dog at all, or if they had one, it was absolutely healthy. 

Giugni, using experimental puncture of the liver as a mode of investigation, 
was not successful m his search for parasites in healthy dogs taken from 
houses where a child was ill. 

Basile found 27 per cent, of the dogs in Rome affected, while human 
subjects were not affected in proportion. Salvatore made microscopic and 
cultural examinations of the bone-marrow of ten dogs, and did not find any 
of them affected with leishmaniasis. 

Pulvirenti examined eighty-five dogs in Catania, during the months of 
February, March, April, 1910. None of them were affected. 

In October, November and December of the same year he examined 185 
dogs ; of these only three had leishmaniasis. Panto in Catania examined 
165 dogs; of these only four were affected. 

In Malta in April and May, 1910, Critien examined fifty-two dogs and 
found the parasite in seven. Babington found it in one out of eight dogs 
examined. Wenyon also found infected dogs in Malta. 

In Athens, from December, 1910, till May, 1911, Kardamatis found nineteen 
out of 284 dogs affected with leishmaniasis, and 111 Pyraeus fifteen out of 184 
dogs had the disease. In another report he collected the observations made 
on 589 dogs which he examined in the course of the year (December 1910-11). 
Of these eighty-one had leishmaniasis (i3’8 per cent.). The infection reached 
its greatest intensity during the months of June and July. 

Sangiorgi examined 310 dogs in Turin ; only one of them appeared to be 
infected. (Kala-azar has hitherto never been observed in Turin.) 

In Hydra Lignos found eight dogs affected out of forty-eight which he 
examined. The infection was most marked in the summer. 

Alvarez and Pereira da Silva examined 300 dogs in Lisbon ; nine of them 
appeared to have the disease. Dschunkowsky and Lubis found one case in the 
neighbourhood of Elizabethgrad. 

Di Cristina and Di Giorgi in Palermo found only two dogs infected out of 
1,000 which they examined. 

W. Yakimoff and N. J. Schockhor examined 647 dogs in Taschkent and 
Samarkand in April to September, 1913, and found 157 suffering from 
leishmaniasis. In this district the total number of cases of kala-azar found 
amounted to thirty-one, of which twenty-seven were children, and four, adults. 

More recently similar observations have been made in Marseilles (Pringault 
and others), Teheran (Nelgian), West Africa (Lafont and Heckenroth) and 
Sardinia (Sotgin). No case of kala-azar was ever observed in these places 
in a human being. 

In Hamburg Fulleborn examined fifty dogs ; none of them were infected. 
In Baghdad Wenyon examined no dogs and found none of them infected. 
In Gallebat (Egypt, Sudan) Bousfield found an infection resembling that of 
leishmaniasis in the spleen of a dog. 

In India, Patton, Donovan, Row, Mackie, and many others found that no 
dogs were infected with Leishmania. Recently, however, Avari and Mackie 
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have found Lcishmania infection in a dog from Bombay, and another from 
the Punjab. 

In Madras, Donovan examined 1,150 dogs, Donovan and Patton 2,000 dogs 
without finding any infected. Mackie examined 93 dogs in Nowgong (Assam) 
and Wenyon 250 dogs in Colombo with similar negative results. Row also 
got negative results in Bombay, except that quite recently he observed a case 
of cutaneous leishmaniasis in a dog. 

Labbe, Tarcheta and Ameuille, as well as Pringault found definite cases of 
infantile kala-azar in the South of France. Labbe, Tarcheta and Ameuille, 
found splenic tumours, and changes in the bone-marrow of the house dog in 
one of the families where a child had kala-azar. However no parasites 
were to be found in the dog. Pringault found that canine leishmaniasis 
occurred in Marseilles. 

Relation of Human to Canine Leishmaniasis. — Our knowledge with regard 
to the above may be summarized as follows : — 

In dogs the infection reaches its greatest intensity in the summer, whilst 
infantile kala-azar of the Mediterranean occurs at the end of winter and in 
the spring (Gabbi). Besides, there is no obvious parallelism between human 
and canine leishmaniasis. This is especially the case with Indian kala-azar, 
as in India very rarely leishmaniasis has been observed in dogs, even in the 
most heavily-infected regions. Thus, Mackie found that the microscopical 
examination of the spleen and bone-marrow of over one hundred dogs selected 
from kala-azar villages in Assam did not reveal the presence of Leishmania 
in any of them. In the author’s experience there is no connection whatever 
between dogs and kala-azar as it occurs sporadically in different parts of 
Bengal, because very rarely does one find any association between dogs and 
infected individuals. Even in the case of Mediterranean kala-azar, though 
in the region where infantile kala-azar occurs, the natural infection of dogs 
IS not uncommon, yet there is great irregularity in the distribution of canine 
leishmaniasis and infantile kala-azar, and it is only rarely that dogs suffer in 
houses in which human beings are infected. 

On the other hand, dogs may be infected with infantile and Indian 
kala-azar as well as with canine leishmaniasis by experimental inoculation. 
They may also be infected by subinoculation. Dogs infected with experi- 
mental canine leishmaniasis display close resemblance as regards symptoms 
and pathological lesions to the disease brought about by experimental 
inoculation of dogs by Leishmania donovani (Laveran). These experiments 
tend to show that canine and human leishmaniasis may be due to one and 
the same parasite. 

^‘The important question arises as to whether the naturally occurring 
disease of dogs is due to Leishmania donovani or to some other species. 
The disease produced in dogs by inoculation with the parasite from human 
sources is identical with the natural canine disease, while the organism from 
the canine disease is inoculable to animals, with results similar to those 
which result from inoculation of the human virus. 

In the present state of knowledge, and lack of absolute proof of the 
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method of transmission of the disease, it is better to consider all the various 
systemic diseases in man and dogs as due to one parasite, Leishmama 
donovani. It is hardly necessary to again remark that morphologically (in 
smears and cultures) the parasites from the various sources are identical. 

“ Though it is admitted that the human and canine diseases are caused by 
the same organism, this does not mean that the dog is to be regarded as a 
reservoir of the virus. Some have maintained that in Italy the disease 
necessarily passes from dog to man, but so many cases occur which cannot 
be associated with any infected dog, that it would appear that the infection of 
the animal is as much an accident as the infection of the human being. Areas 
occur in which, apparently, only dogs have the disease, while in others only 
human cases are known. It is claimed, however, by Basile (19x6) that in 
Bordonaro, in Sicily, where a high percentage of naturally infected dogs 
occurred, the extermination of these has led to an almost complete disappear- 
ance of the human disease.” (Wenyon.) 

Nicolle and other investigators repeatedly examined cats, but never found 
any sign of the disease in them. Sergent, Lombard, and Quilichini found 
Leishmama in a cat in one case, and this was in a house where a child had 
leishmaniasis. 

In India (Madras) Patton tried to find Leishmama in many other different 
animals, viz., mice, cats and rabbits, goats, monkeys and jackals, but with 
no result. 
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CHAPTER VIII. 

HERPETOMONIASIS AND LEISHMANIASIS. 

A SUMMARY of some of the work performed regarding the connection 
between herpetomoniasis and leishmaniasis is given below : — 

Herpetomonad flagellates have been found by various investigators in 
insects and in vertebrates. I would jrefer to the work of Patton, Marzocchi, 
Noller, Fantham and Porter, Mackie, Sergent, Shortt and others. They have 
been found in dog fleas, human fleas, rat fleas. Anopheles, culex and bugs 
among insects, and in mice, lizards and pigeons among vertebrates. 

Flagellates of Leishntania have been found in the smears taken from certain 
cases of cutaneous leishmaniasis (Rabagliati, Mongo, Escomel, La Cava). 

Many investigators have tried to discover whether it is possible to infect 
vertebrates with the flagellates which occur naturally in insects. They have 
arrived at divergent results. Wenyon was really the first to work at this 
problem (1907). He tried to infect rats with flagellates taken from tabanus, 
but he met with no success. 

A series of experiments performed by Laveran and Franchini, showed the 
possibility of infecting mice with flagellates found in different fleas, Anopheles, 
Phlebotomns, house-flies and Melophagus. Subsequently Fantham and Porter, 
working with the flagellates which occur naturally in Nepa cinerea, 
Ctenocephalus canis, Strahomyia chameleon, Pedicnlus vestimenti. Gems 
paludnui and Culex pipiens, were able in a number of experiments to infect 
fishes, newts, hzai'ds, toads, frogs, mice and birds. On one occasion they 
succeeded in infecting a snake. In this way they were able to induce acute 
and chronic herpetomoniasis in vertebrates. Leishmania-like and flagellate 
forms appeared in their tissues. The organs most affected were the liver, 
spleen and bone-marrow. 

Laveran and Franchini, as well as Fantham and Porter, have described 
the frequent occurrence of uninucleate parasites in their experimental animals 
after inoculation. These investigators obtained the same result with feeding 
as with inoculation experiments. 

If these observations receive qonfirmation then it is possible that 
leishmaniasis may be an insect-borne herpetomoniasis, and the natural 
herpetomonads of insects may become pathogenic to man. 

Other investigators, however, have repeated these tedious and exhaustive 
experiments, and Hoare, Shortt and Biichiier, among others, have been unable 
to confirm the above results. 
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Hoare's experiments, in which he used Crithidia inelophagia {Trypaiiosojua 
inelophagium)^ a flagellate employed by Laveran and Franchini in many of 
their experiments, Herpetomonas calliphorce and Herpetomonas jacitlum were 
quite unsuccessful. The vertebrates which he tried to infect were mice, fishes, 
lizards and frogs. 

Shortt also obtained negative results. His experiments were even more 
exhaustive and complete, because he made cultural investigations in order 
to determine the presence of infection with Herpetotnonas ctenocephali and 
Herpetomonas lucilce. The following is quoted from Shortt’s paper : — 

''The first point which one has to consider is what constitutes an infection 
with flagellates. The mere introduction into an experimental animal of a 
given flagellate and the subsequent recovery of that flagellate before it has had 
time to be destroyed by the tissues or body fluids of the animal do not 
constitute proof of an infection. To constitute the latter there should be a 
true invasion of the organs, tissues, or fluids of the host by the parasite, an 
invasion which is able to maintain itself for an appreciable period of time 
with multiplication of the parasite, and which should be demonstrable by the 
recovery of the parasite by microscopical or cultural methods, preferably the 
latter, as being less liable to error in the case of positive results. To 
demonstrate such a true infection by microscopical or cultural methods, 
these should only be applied some days after the last infecting feed or 
inoculation, in order to avoid the possible recovery of the parasites which were 
originally introduced. A large percentage of the experimental animals 
employed by Laveran and Franchini, and by Fantham and Porter, were found 
to die as a result of infection with flagellates, and yet in many of these the 
parasites found post mortem were comparatively few in number. Now, in 
the majority of protozoal diseases death is not caused except by the presence 
at some time or other of large numbers of the causative parasite, and we 
know that in kala-azar the presence in the body of very large numbers of 
parasites may be quite compatible with .the continuance of life for a 
prolonged period. 

" Laveran and Franchini especially, but also Fantham and Porter, make 
mention of the frequent occurrence in their infected animals of uninucleate 
forms of the flagellates. What are these uninucleate forms ? Do they 
represent a new stage in the life history of these flagellates, or are they 
some organism having no connection with the parasites being experimented 
with ? ... It is true that in cases of true leishmaniasis, and even in insect 
gut forms, one may see what appear to be uninucleate forms, but it is almost 
certain that these are merely due to unfavourable orientation of the parasite. 

" Franchini and Mantovani's experiments with Herpetomonas musccv 
domesticce yielded at least one result which is quite incomprehensible and for 
which they advance no explanation or even excuse ! They state that blood 
from a rat infected with these herpetomonads yielded in culture ' anaplasma ' 
forms. These forms inoculated into two mice gave rise to a herpetomonad 
infection. Do these authors suggest that the anaplasmata are stages of 
herpetomonads ? 
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“The next point one has to consider is the large number of positive results 
recorded by Laveran and Franchini, and by Fantham and Porter. The latter 
authors, as already pointed out, got about 85 per cent, of positive results. 
They used in their experiments, among other animals, martins, frogs, toads, 
fish, and lizards, all animals whose natural diet is largely if not entirely 
insectan. Other of their animals, such as sparrows, live largely on insects at 
certain times of the year, especially during the summer months. If, then, 
such animals were so easily infected, and so often succumbed to infection, 
how was it possible to obtain controls, since these also must have swallowed 
many insects harbouring flagellates ? How, indeed, do any of the insecti- 
vorous animals, mammalian, avain, reptilian or amphibian, continue to exist ? 

“The most disappointing feature in the whole record of experimentation 
with insect flagellates seems to me to be the small use which has been made 
of modern cultural methods of detecting flagellates of the type used in these 
experiments. 

“ In the whole of Fantham and Porter's work there is no single experiment 
where the positive microscopical finding^ were controlled by positive cultural 
results, or even attempts to obtain such, and even Laveran and Franchini 
until very recently made little use of cultures to confirm their findings. Until 
1919 they record no successful culture made from their inoculated animals. 
In this year they obtained one positive result from a mouse infected by a 
culture of Herpetomonas ctenocephalL In spite of this success they do not 
seem to have used cultural methods in subsequent experiments, if we except 
their procedure to get pure cultures of Herpetomonas jacnlum. These, were 
obtained by inoculating mice intraperifeneally with gut contents of Nepa 
cmerea and then making cultures from the liver. These cultures were pre- 
sumably obtained for producing infections with pure cultures of Herpetomonas 
jaciilumj but no such subsequent experiments were recorded. Hoare, 
Chatton and Noller, who used cultural methods to supplement microscopical 
examinations, got uniformly negative results." 

I have already discussed how far experimental evidence goes in favour of 
fleas transmitting kala-azar to man fromrinfected dogs, and have shown the 
conflicting results obtained by different observers. If, however, the natural 
flagellates of insects are likely to be converted into Leishmania, it then becomes 
possible that human leishmaniasis, some forms of natural canine leishmaniasis 
and some other forms of insect flagellosis, may be due to one and the same 
protozoon. 
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CHAPTER IX. 

CLINICAL VARIETIES OF INTERNAL LEISHMANIASIS OR 
KALA-AZAR.— COURSE AND SYMPTOMATOLOGY. 

Until recently it was thought that Indian kala-azar and Mediterranean 
kala-azar were two distinct diseases because it was believed that : — 

(1) It was possible to recognize differences both in the pathogenic action 
and biological reactions of the two parasites. 

(2) There were definite, though slight, differences in the clinical pictures 
of the two diseases. 

(3) There was a difference between the ages of the patients affected in India 
and in the Mediterranean countries. 

On the other hand, many workers, including Leishman, Nicolle, Pianese, 
Laveran, Castellani, Rho and others supported Gabbi in the objections which 
he raised in 1909-10. , He showed that : — 

(1) The two forms of Lcishiiania {Leislmiania donoi^aiu and infanliun) 
have the same morphological, biological and pathogenic characteristics. At 
the London International Congress of Medicine and Hygiene in 1913, 
Laveran and Nicolle expressed their agreement with him. 

(2) The clinical picture and the pathological anatomy are identical in 
Indian kala-azar and Mediterranean kala-azar. 

Both in the Indian and Mediterranean forms of the disease, complications 
such as intestinal infection (enteritis, &c.), diseases of the respiratory 
passages (bronchitis, broncho-pneumonia, pleuritis and tuberculosis), urinary 
system (nephritis and inflammation of the bladder), and nervous system 
(meningitis), are observed. 

(3J It is not true that in Mediterranean countries only children suffer 
from internal leishmaniasis. The disease has certainly been observed in 
adults in these places, although it does not occur so frequently. (Archer, 
Philipps, Babington, Bassett-Smith, Christomanos, Gabbi, Fucei and Basile, 
Kalatschnikoff, Gourko, Petrow, Mikoforoff.) In Asia, too, the number of 
adults infected does not always much exceed the number of children. 

In India children frequently become infected, and in a few provinces in 
China it is children that mostly contract the disease (Cochran, Jerusalemy). 

There exists, therefore, no distinction between Indian and Mediterranean 
leishmaniasis. 

Although the parasites of the kala-azars appear to be morphologically 
identical, and there is much similarity in the symptomatology of the two 
forms ot the disease, yet it is convenient to study them clinically apart. 
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I. KALA-AZAR OF ADULTS. 

The incubation period of kala-azar of adults is said to range from three 
weeks to several months. In one of Manson’s cases the time between the 
arrival of the patient in an endemic area in India and the onset of the fever 
was under ten days, or more correctly, as was subsequently pointed out by 
Low, twenty days. In one of the author's cases the incubation period was 
not more than one month. 

In artificially-infected dogs the disease may remain latent for months, and 
in monkeys the incubation period is about sixty days. Shortt has recently 
been able to demonstrate the Leishman-Donovan bodies in smears from the 
liver in monkeys thirty-nine days after infection. 

It was suggested by Sprawson that the incubation period in some of his 
cases in Mesopotamia was two years, or even more. 

The premonitory symptoms of the disease are indefinite. In a large 
majority of cases the disease begins like typhoid fever. In another class of 
cases there is history of intermittent attacks of fever, with or without rigor, 
quotidian for some time and later on becoming irregular. In a third class 
there is a history of attacks of low fever with slight pyrexia from the beginning. 
In a fourth class which is, however, rare, there is no previous history of 
any definite attacks of fever, but the spleen becomes slowly and steadily 
enlarged. In a fifth class which is also rare, the patient gives a history of 
gastro-intestinal troubles with dysenteric or diarrhoeic attacks, followed by 
oedema of the legs and attended from time to time with ague-like attacks. 

The disease may sometimes be clinically divided into three stages : — 

(1) The stage of initial typhoid-like fever. 

(2) The stage of secondary low fever or apyrexia. 

(3) The stage of cachexia. 

Frequently these stages are not sharply marked off from each other, 
and the typhoid-like pyrexial attacks of the initial period may gradually 
become less severe until they merge into a period of apyrexia or chronic, 
low, irregular fever followed by waves of high rises of temperature, and sooner 
or later cachexia supervenes. Most of the cases begin with symptoms like 
typhoid fever ; the next in frequency begin like malaria. 

Accurate statistics are not available to show the percentage of different 
modes of commencement of the disease. While in many cases il commences 
like typhoid or paratyphoid fever, in others it begins as remittent fever 
with double rises of temperature during twenty-four hours, constituting what 
has been termed double remittent fever. In others it begins like malarial 
fever, with intermittent attacks of fever from the very beginning. In these 
malarial attacks there may be sometimes single rises of temperature during 
twenty-four hours, and sometimes double rises of temperature with single or 
double intermissions. 

Some of the sporadic cases observed by the author in very early stages 
of the disease in the Calcutta Medical College Hospitals bore a strong 
resemblance to typhoid fever. The blood showed a partial Widal reaction 
(i in 40). In these progressive leucopenia was frequently observed from 
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week to week. This was much more marked than in an ordinary case of 
typhoid and was very suggestive of the disease, the diagnosis of which was 
subsequently confirmed by positive flagellate culture from the blood and by 
very rapid cure after administration of a few doses of urea stibamine. 
Double infection of kala-azar and typhoid or paratyphoid fever is not un- 
common. In these cases there may be positive Widal reaction (i in loo or 
more), and there is a positive culture for flagellates from the blood, the patient 
showing definite symptoms and signs of kala-azar after running a course like 
that of ordinary typhoid or paratyphoid fever. These cases of double 
infection may lead one to believe that infection with viruses of both the 
diseases might take place through the intestinal tract. Or is it possible that an 
attack of typhoid fever precipitates the appearance of symptoms of kala-azar 
in an individual who may be harbouring the Leishmaiiia in a latent stage for 
some time ? 

From the very beginning the spleen is enlarged to a greater degree than it 
is in typhoid or malaria. The liver is also enlarged from the beginning. 
After the subsidence of the initial stage and the coincident amelioration of the 
general symptoms, there is a diminution in the size of the spleen and the liver 
in some cases, while in others they go on increasing steadily. There is either 
apyrexia during the second period, or probably more frequently the patient 
gets a low intermittent type of fever of which he is unconscious. Sooner or 
later after this period of apyrexia there is another febrile attack, and the patient 
again begins to suffer from some of the types of fever to be presently described 
which may again be followed by periods of apyrexia. Exacerbations of high 
fever alternating with apyrexia or low fever occur in the course of the disease. 
These exacerbations may render it impossible to fix a definite second stage of 
the disease. After six months to a year the fever may assume low intermittent 
type which may continue until the end, or it may give way to an attack of the 
remittent type of fever which may terminate fatally, as has been noted in 
some cases. 

Rigors and sweating have been observed, especially in cases of the malarial 
type. The terminal stage may be apyrexia), especially in debilitated and 
emaciated patients. 

In the initial stage of the disease anaemia is not a marked symptom, but 
as the disease becomes established aiicemia with a marked and progressive 
leucopenia is a characteristic phenomenon. Anaemia is not generally so 
marked as in infantile kala-azar. 

Frequently the leucopenia is out of proportion to the anaemia, and a 
charactei’istic blood-change may be observed which will be described 
later on. In some cases, however, the anaemia may be so profound that this 
characteristic blood-change is not present. 

As the disease advances there is a progressive emaciation with oedema 
of the extremities, the latter sometimes appearing early in the course of 
the disease. Ascites may be present. There may be haemorrhages from 
mucous membranes or under the skin. Epistaxis and bleeding from the 
gums are common. Haematemesis and melaena may take place. Women 
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frequently suffer from amenorrhoea. There may be menorrhagia. Abortions 
may occur in pregnant women. 

The duration of the disease is variable. It may run an acute, subacute or 
chronic course. The duration in chronic cases may be two to three years, 
or even more. In one of the author s cases the patient suffered for more than 
five years. On the other hand, the disease may run an acute course and 
terminate fatally in one or two months, or, more rarely, after a few weeks. 
These acute cases are generally found in places where epidemics occur and 
during their prevalence. 

The cardinal symptoms of a fully established case are : Great enlargement 
of the spleen and enlargement of the liver, emaciation, cachexia and frequently 
oedema, irregular pyrexia with tendency towards a double rise during the 
twenty-four hours, anaemia with progressive leucopenia, the latter being in 
several cases out of proportion to the former, abdominal symptoms, especially 
dysentery or diarrhoea, tendency to haemorrhages and cancrum oris. 


Symptoms of Kala-azar of Adults considered in Detail. 

The types of fever. These are as follows (see charts) : — 

(1) Intermittent pyrexia, with or without rigors, of a quotidian type, the 
paroxysm rarely appearing at the same time every day, but more frequently 
showing anticipations or retardations (fig. 3). 

(2) Irregular intermittent pyrexia, with or without rigors, which may 
continue for months or pass into any of the other types (fig. 4). 

(3) Double quotidian pyrexia with two intermissions during twenty-four 
hours. There is a rise of temperature towards very early morning, followed by 
an intermission before 12 a.m., and a second rise in the evening, followed by 
an intermission before 12 p.m. The heights of the temperature in these two 
rises are not necessarily equal ; they may or may not be accompanied by 
rigors (fig. 5). In some cases this type of temperature may continue thiough- 
out the whole course of the disease. 

(4) Double quotidian pyrexia with a single intermission during twenty- 
four hours. There is a rise of temperature towards very early morning, followed 
by intermission as in (3). There is a second rise in the evening, which is not 
followed by an intermission but by a remission before 12 p.m. Both the 
above types are frequently interchangeable or merge into one another 
(fig. 6). These double rises of temperature may be continued for months. 

(5) Intermittent pyrexia with irregular periods of apyrexia. This is one of 
the common types of fever in this disease and may be continued for months. 

(6) Remittent pyrexia, with a course similar to typhoid (fig. ii). After 
three or four weeks of illness the patient gets an intermission, and feels 
better for a variable period until the recurrence of fever. In some cases the 
remittent type may take on an intermittent type after some days, before a 
complete apyrexia comes on. 

(7) Double remittent pyrexia. There is a rise of temperature towards 
very early morning, followed by remission before 12 noon. There is a second 
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rise in the evening, followed again by remission before 12 p.m., but the 
temperature does not come down to normal. This type, when present, is very 
suggestive of kala-azar (fig. 7). 

(8) Combined intermittent and remittent pyrexia of long duration (fig. 8). 

(9) Triple quotidian pyrexia, the rises of temperature taking place at about 
3 a.m., 2 p.m. and 8 p.m. (fig. 10). 

(ro) There may be multiple rises of temperature during twenty-four hours, 
but this is very rare. In one of the author’s cases there were four rises of 
temperature in one day, followed by five rises the next day (fig. 2). 

(ii) Finally, there may be indefinite periods of apyrexia (fig. 9). 
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Nervous System , — Headache is a variable symptom but not so severe as in 
typhoid, and is more often noted in early than late cases. 

Delirium may be present in the initial typhoid-like stage of the disease, and 
also subsLiltus tendinum and carphology, but they are rare. Fits resembling 
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Fig. 5 — Double quotidian pyrexia with a double intermission 
within twenty-four hours (Original ) 


F’ig. 6. -Double quotidian pyrexia with a 
single intermission within twenty-four hours 
(Original ) 
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Fig 7.— Double remittent pyrexia. 
(Original.) 


Fig. 8.— Combined intermittent and remittent pyrexia, 
(Original ) 
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Fig. 9. — An almost apyreidal course of kala-azar (Original.) 

those of tetany, epileptiform convulsions, delirium or coma, are met with 
occasionally, shortly before death. Generally speaking the mental condition 
of the patient is quite clear throughout the course of the disease, and even 
in the high fever of the early stage. 
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Gastro-intestinal Symptoms , — The tongue is usually clean, even in the eaily 
stages of high fever, and the patient has a remarkably good appetite, even 
when the temperature is high. In some cases, though the appetite is good 
the digestion is bad, or the patient dislikes his food as soon as he begins 
to take it. In other cases loss of appetite is a troublesome symptom. Nausea 
and vomiting are only rarely present, even in the malarial type of the 
disease. Constipation is more frequent than diarrhoea in the initial stage. 
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Fig. 10. — Triple quotidian pyrexia (Original ) 
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FIG. 11. — Remittent pyrexia. (Original.) 

In some case's diarrhoea or dysentery is a persistent symptom throughout the 
major part of the disease. Leishmania dysentery may occur, but is rare. 
Amoebic or bacillary dysentery is a serious complication in the terminal 
stages. There may be hsematemesis and more frequently melsena, apart from 
any cirrhosis of the liver. Meteorism is not a common symptom of the 
disease, even during the stage of high remittent fever, and this contrasts with 
what is observed in typhoid fever. 

The Skin.— In many cases the skin assumes a peculiar glistening and stretched 
appeai-ance, with an earthy-grey colour. Dark pigmentation of the skin is 
neither so frequent nor so marked as the name of the disease would signify, 
especially in the sporadic cases that are met with in Bengal. In dark 
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skinned people the skin of the forehead, the temples, and around the 
mouth may be more deeply pigmented, but this sign is frequently absent 
or difficult to recognize. In some cases, however, darkening of the skin is a 
prominent symptom, especially in the later stage of the disease. This is 
especially common in Assam. The hair is apt to be dull, dry and brittle, 
and may fall out. OEdema of the extremities, especially the lower, is some- 
times observed early in the course of the disease, and in the late stages there 
may be general anasarca. 



Fig 12 — Severe ema- Fig. 13. — Emaciation Fig. 14. — A case of kala-azar 

ciation in kala-azar with marked splenic with oedema of the face, and 

The swelling of the enlargement in kala- general anasarca 

face indicates com- azar. 

mencing cancrum oris. (Original ) 

Various forms of skin eruptions are apt to distress the patient. Painful 
ulcers, wherein the Leishman-Doiiovan bodies may or may not be found, 
may be present. There may be haemorrhages under the skin, especially in 
the late stages of the disease, and if they occur early in the course of the 
disease the prognosis is bad. Pemphigoid eruptions may also occur. 

General Appearance , — Emaciation is a striking sign early in the course of 
the disease, though rarely a flabby anaemic appearance may be observed, 
especially in women. In cases without oedema, the thin face, wasted arms 
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and legs and prominent ribs are veiy striking (figs. 12 and 13). Along with 
the wasting, the abdomen becomes more and more distended, due to the 
great enlargement of the spleen and the liver, and also to some extent to 
ascites. The superficial abdominal veins may be dilated, and there is often 
visible pulsation in the veins of the neck which is sometimes \ery marked. 
In cases with oedema, the wasting with prominent abdomen and oedema of 
the lower extremities gives a characteristic picture of the disease. 

Ancemia. — Generally speaking anaemia is not so marked in the early 
stages of the disease as in malaria. Rarely, however, veiy severe anaemia 
may be present, especially when the disease is contracted during pregnancy, 
or in the puerperal period, or when the disease is complicated with ankylo- 
stomiasis or sometimes without any of these complications. 

Cardio-vascnlar Symptoms. — There may be murmurs audible over the heart. 
Sometimes there may be symptoms of cardiac dilatation. Mackie has laid 
stress upon tachycardia in the disease, which may be present even when 
there is no rise of temperature. This tachycardia may be noticeable early in 
the course of the disease. An unusually slow pulse was observed by the 
author in some cases a few days before death. A venous pulse is often 
recognizable in the neck. 

Respiratory Symptoms. — Bronchitic symptoms may be present in the early 
stage of the remittent fever in this disease, but are neither so marked nor 
so common as in typhoid fever. Towaids the termination of the disease 
bronchitis is frequently present and is sometimes a troublesome symptom. 
Sometimes there is a troublesome cough due to a relaxed condition of the 
throat. (Edema of the glottis may occur. 

(Edema, — OEdema of the lower extremities is sometimes an early symptom 
of the disease and is common in its late stages. Sometimes there may be 
circumscribed oedema. Frequently the patient gives a history of oedema of 
the lower extremities having been present during some stages of the disease. 
Rarely there may be oedema of the face and general anasarca (fig. 14). 

Urinary Symptoms, — Slight albuminuria is frequently present, and 
casts are sometimes found in the urine. In a series of twenty cases albumin 
was present in the urine in fifteen, ranging from a trace to a definite quantity. 
Haematuria and cystitis are rare. The author has observed haemoglobinuria 
in two cases in which there were no signs of malaria. Indican may sometimes 
be present in the urine. 

The Spleen, — The spleen is enlarged in almost eveiy case of kala-azar. The 
great peculiarity in its enlargement is its progressive character. In some 
cases the spleen may apparently be suddenly enlarged, so that it reaches 
up to the umbilicus, when the fever has been of a month's duration. The 
spleen may diminish with the decline of the temperature, but in other cases it 
continues to enlarge even when the patient has passed into an apyretic stage 
after the subsidence of the initial remittent rise of temperature. In extremely 
rare cases there may be little or no enlargement of the spleen, as has been 
observed in Assam by Dodds Price and others in other endemic areas. Some- 
times an attack of melaena or severe diarrhoea is followed by a remarkable 
diminution in the size of the spleen. 
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The consistence of the spleen is generally hard, especially in chronic 
cases, but it is not invariably so, especially in the early stage of the disease. 
Generally speaking it may be stated that a spleen which is soft or hard and 
has become much enlarged in a short time is more likely to be due to kala-azar 
than malaria. Out of a series of io6 sporadic cases in the author's ward 
it extended from i in. to 3 in. in 34 cases, 3 in. to 5 in. in 41 cases and from 
5 in. upwards in 31 cases. In this series the greatest enlargement of the 
spleen was 10 in. below the costal arch. In Rogers series of the sporadic 
cases in Calcutta the organ reached up to the level of the navel or below in 
85 per cent., while in 10 per cent, it extended to the level of the anterior 
superior spine of the ileum. 

Christophers has described the following types of enlarged spleen met 
with in endemic areas of kala-azar in India : — 

''(i) Large spleens yielding Leishniania on puncture. 

'^(2) Large spleens in which no parasites are found even when many 
splenic cells are included in the blood drawn from the spleen. Nevertheless, 
not infrequently in these cases the history and clinical evidence very strongly 
suggest kala-azar. It is possible that at certain stages of the disease parasites 
are greatly reduced in numbers or that they are absent from portions of the 
spleen. 

(3) Very large spleens exactly resembling Leishmania spleens, but there 
is usually a very long history, and the patient, though he may be anaemic, is 
well nourished and may even be robust. The frequency of this condition 
among the immigrant coolie population from certain localities, egj Arrah, is 
very noticeable (I think they are probably of malarial origin). 

(4) Very large spleens associated with marked anaemia and often with a 
considerable amount of oedema of the face and ascites. To superficial 
examination these cases often simulate kala-azar very closely, but on puncture 
they yield only malarial parasites.” 

To the above I would add the following remarks : — 

(1) Cases of very enlarged spleen are not infrequently met with in Bengal 
which do not show the presence of either malarial parasites or Leishmania. 

(2) Spleens in which the enlargement is quite out of proportion to the 
duration of the disease is more likely to be due to kala-azar than to malaria. 

(3) An enlarged spleen reaching up to the umbilicus after an illness of 
three or four months is more likely to be due to kala-azar than to malaria. 

(4) A spleen which has become much enlarged after an illness of few 
months and whose consistency is soft is likely to be due to kala-azar. 

(5) Some very enlarged spleens may be due to either malaria or kala-azar. 

(6) Some very hard spleens may be due to either malaria or kala-azar. 

(7) Many cases of moderately enlarged spleens with soft consistency are 
found to be due to kala-azar. 

(8) Rare cases have been met with in which the spleen does not extend 
more than 2 in. below the costal margin after several months' illness and still 
they are due to kala-azar. 

It would not be correct to say that very hard and very enlarged spleens 
are mostly due to kala-azar, because they may be due to malaria. 
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The Liver . — In the majority of cases the liver is enlarged. In chronic 
cases it is hard on palpation and may undergo cirrhotic changes. In early 
cases the liver -is soft and generally enlarges more quickly than in malaria. 
Generally speaking the liver is not so enlarged as the spleen, though very 
rarely the enlargement of the liver may be quite out of proportion to that of 
the spleen. 

Lymphatic Glands . — The lymphatic glands in the axilla and groins may 
be sometimes enlarged, but not so frequently as in infantile kala-azar. 



Fig 15 — Spleen and liver enlargement Fig. 16 — Splenic and liver enlargement 

in kala-azar. (Original ) m kala-azar. (Original.) 


The Blood , — As stated before, marked anaemia is not a common symptom 
in the early stages of the disease. The red blood-corpuscle count varies 
between aj and 4 millions in a majority of cases. 

In a series of early cases Rogers found that under one month's illness, in 
55 per cent the red blood-corpuscle count was above 4 millions ; between 
one and six months' illness, in 67 per cent, the red blood-corpuscle count was 
between 2^ and 4 millions ; and over six months' illness, in 28 per cent, the 
red blood-corpuscle count was below 2^ millions. 

Leucopenia is frequently observed in this disease and in many cases early 
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in its course. The leucocyte count may fall to 700 or 800. Leucopenia is 
frequently absolute as well as relative. Anaemia and leucopenia are pro- 
gressive, but the latter progresses more rapidly, so that the ratio of white cells 
to red cells may be i to 1,500, or even less. This relative leucopenia is of 
great diagnostic importance in the early stage of the disease (Rogers). Rogers 
points out that in uncomplicated kala-azar the ratio of white blood-corpuscles 
to red blood-corpuscles is less than i to 1,500 in nearly 90 per cent, of the 
cases, and in a large number of cases the proportion is less than i to 2,000, 
and he concludes that this degree of relative leucopenia is almost absolutely 
diagnostic of uncomplicated cases of sporadic kala-azar. He also found that 
in epidemic kala-azar the leucopenia was less marked during high fever than 
during remissions or low intermittent pyrexia. He lays down as a rule, 
' 4 hat in any cases of fever which may possibly be kala-azar, the finding of 
less than i white to every 1,500 red corpuscles, and still more of greater 
degree of relative leucopenia, will be almost diagnostic of the disease.” This 
sign may, however, be absent in certain cases, for instance, when anaemia is 
extreme, as in advanced cases, in pregnancy and the puerperal state, or when 
complications are present, such as pneumonia, phthisis, cancrum oris, &c., or 
sometimes even in the absence of any of these factors. The blood-counts of 
a few cases with marked anaemia are given below : — 

(1) Red blood-corpuscles, 1,400,000; white blood-corpuscles, 2,170; 
ratio, I to 645. 

(2) Red blood-corpuscles, 860,000 ; white blood-corpuscles, 2,250 ; 
ratio, I to 382. 

(3) Red blood-corpuscles, 1,480,000 ; white blood-corpuscles, 3,870 ; 
ratio, I to 382. 

(4) Red blood-corpuscles, 2,300,000 ; white blood-corpuscles, 3,300 ; 
ratio, I to 696. 

(5) Red blood-corpuscles, 1,500,000 ; white blood-corpuscles, 2,000 ; 
ratio, I to 750. 

These are most puzzling cases, as they fit in with kala-azar as well as with 
malaria. When the leucocyte count is 5,000 or more, this characteristic 
relative leucopenia is also absent. 

In a successive series of 200 cases in my hospital and private practice, the 
following was the result of blood examination : — 

Red blood-count : In 15 cases above 4 millions, in 121 cases between 
2^ and 4 millions, in 49 cases between and 2| millions, and in 15 cases 
below millions. 

White blood-count : In i case about 8,000, in ii cases between 5,000 to 
6,000, in 45 cases between 3,000 to 5,000, in 87 cases between 2,000 to 3,000, 
and in 56 cases below 2,000. 

Relative diminution of polymorphonuclear leucocytes is a very constant 
feature of the disease, and, according to Rogers, this corresponds to a 
relative increase of the large mononuclears, but, in the writer's experience, 
relative increase of the lymphocytes is more marked, though it may be less 
than in infantile kala-azar. 
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The eosinophils may decrease, according to Rogers, but in many cases 
they are distinctly increased during treatment with antimony. When the 
anaemia is severe, poikilocytes, micro- and megalocytes, myelocytes and 
erythroblasts may be found in the peripheral blood. 

The haemoglobin value of the blood diminishes along with the diminution 
of the red blood-corpuscles. Rogers holds that the anaemia is of the 
pernicious type, but frequently it is more of the chlorotic type. 

In one series of my cases the haemoglobin value was as follows : — 

In 41 cases it was between 45 to 60 per cent., in 68 cases between 
40 to 45 per cent., in 65 cases between 30 to 40 per cent., and in 26 cases 
below 30 per cent. In some cases it was so low as 15 to 20 per cent. 

The average colour index in this series of cases was 0’64, and in about 
TO per cent, of them it was nearly equal to the average normal in Indians. 

Biochemical Changes in the Blood. — The coagulability of blood is 
decreased in many cases, and when this decrease is marked there is a 
tendency to petechial haemorrhages. There is very little change in the 
haemo-salinity of the blood, but its alkalinity may be markedly diminished. 
In a series of cases, the average basic reactivity was found to be 0*092 normal, 
as compared with 0*178 normal, in a series of healthy students. In case of 
Indian kala-azar, the author has found that the relative haemoglobin value 
of the resistant erythrocytes during haemolysis is less than normal. 

The experiments in connection with deviation of the complement have 
not given any reliable results. A limited number of observations were made 
by me in this direction. ‘ In a series of eight cases the reaction was found to 
be positive in six and negative in two. The diagnosis of each case was 
made by spleen puncture, and the antigen used was made by the alcoholic 
extract of fresh spleen of a kala-azar case, made by grinding up one part 
of the spleen pulp with three parts of a mixture of equal parts of alcohol and 
0*85 per cent. NaCl solution, and then heated for an hour at 60° C. The test 
originally employed by me was Fleming's modification of the Wasserinann 
test. I subsequently tested this reaction according to the original Wassermann 
method and found that in only one out of four kala-azar cases this reaction 
was positive. Cornwall found that very careful experiments made with a 
strong extract of leishmania flagellates and the serum of a kala-azar patient 
failed to produce any deviation of the complement, pointing to the conclusion 
that no specific antibodies were present in the blood of a well-marked case 
of kala-azar. 

The Globulin Content of the Blood in Kala-azar. — The author has observed 
a marked increase in the globulin content of the blood, and probjlbly there is 
an easily precipitable globulin in kala-azar serum, and these are probably 
responsible for the globulin tests of kala-azar described by me, and the 
haemolytic and aldehyde tests of others. I have separated a globulin from 
kala-azar serum which possesses marked anti-complementary properties. 

The following globulin tests are described : — 

> (i) Globulin ring test. The serum of the patient is diluted ten to twenty 
times with normal saline in a test-tube, and then a small amount of distilled 



Symptomatology 7 1 

water is gently poured over the serum — a distinct white ring forms over the 
surface of the serum, similar to that which is obseived in the ring test for 
albumin with nitric acid. 

(2) Globulin precipitation test. When the serum is diluted in a test-tube 
with two to three parts of distilled water, a white precipitate forms. Upon 
this depends the hcemolytic iest^ which consists of adding one part of blood to 
two or three parts of distilled water in a miniature test-tube or a Gower's 
hajmoglobinometer tube. A turbidity forms which consists partly of the 
precipitated globulin, partly of the stroma of red cells entangling the 
precipitated globulin and partly of red cells not haemolysed due to the globulin 
precipitated on their bodies mechanically preventing their solution. The 
precipitate settles down at the bottom of the tube after some time. 

(3) Globulin opacity test. One part of serum is mixed with six parts of 
distilled water, and the precipitated globulin obtained thereby is poured into 
a graduated cylinder, the diameter of which is i in. and which contains 
some black spots at the bottom. More and more of the fluid containing the 
precipitated globulin is added until the spots become just invisible to the eye 
looking down on them. The level of the fluid indicates the amount of 
globulin present. If the level is 1*25 in. or less then it may be regarded as 
fairly diagnostic of kala-azar. 

(4) The aldehyde test. One cubic centimetre of clear serum is placed in 
a test-tube of | in. diameter and 3 in. long, one drop of 30 per cent, formalde- 
hyde (commercial formol) is added to it and the serum is well shaken and 
placed on a stand. If within a minute or two the serum becomes ‘‘ set,'" and 
then becomes absolutely solid and opaque within three to twenty minutes, it 
is claimed to be diagnostic of kala-azar. The test is, however, negative in 
many undoubted cases of kala-azar, especially in the early stages. The 
turbidity and opacity are also variable in many cases of undoubted kala-azar, 
as well as in other diseases. Cases which are not kala-azar may be found in 
which the degrees of opacity and turbidity may be greater than in a kala-azar 
case. Besides, the degrees of turbidity and opacity vary to a great extent 
with the time taken for them to develop. 

The globulin opacity test being a quantitative one gives more definite 
results than any other serum test. 

Regarding the presence of Leishmania in the peripheral blood, see Chapter 
on Pathology. 

It has been recently claimed by Chopra that when a solution of an organic 
antimonial of the class of urea stibamine is gently added on to the top of the 
serum of kala-azar patients in a Dreyer's tube, it gives rise to a precipitate at the 
junction of the solution with the serum, and this is diagnostic of the disease. 
Chopra's original test consisted of adding a 4 per cent, solution along the side 
of the Dreyei's tube. In a later communication he suggests that one or two 
drops of blood may be mixed with o’25 c.c. of a 2 per cent, of potassium 
onalate solution and the test performed in the same way as with the serum. 

More dilute solution of urea stibamine has also been recommended. 

It would be interesting to follow the value of this test in other diseases. 
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It is significant that the test seems to be much allied to the globulin ring test 
of the author described above. 

It was long ago recognized by the author that when distilled water is 
added on to the serum of a kala-azar patient in a test-tube, a marked 
precipitate forms at the junction and that, as stated in the globulin ring test, 
a precipitate forms even when the serum is diluted ten to twenty times with 
normal saline. 


II. INFANTILE KALA-AZAR. 

The incubation period of infantile kala-azar is also unknown. Gabbi 
observed an infant seven months old suffering from it, and, judging from the 
symptoms, he concluded that it must have been attacked when it was four 
months old. Similar observations have been made by others. Yakimoff and 
others found shorter periods of incubation in experimental animals, even less 
than two weeks. 

In some cases the course of the disease can be divided into three stages 

(1) First stage — lasting from one to thiee months. 

(2) Second stage — characterized by constant fever lasting for several 
months with progre.ssive enlargement of the spleen and liver, anaemia and a 
characteristic pallor of the skin. 

(3) Third stage — characterized by cachexia, attended with purpuric 
haemorrhages, marked anaemia and extreme emaciation. There is frequently 
high and uninterrupted rise of temperature. In exceptional cases there may 
be apyrexia a few days before death, which is frequently due to respiratory or 
gastro-intestinal complications. 

In the initial stages there is irregular fever associated with a progressive 
anaemia. In some cases there may be complete intermission of the fever for 
two or three days at this stage. The patient is dull and suffers from 
constipation alternating with diarrhoea. 

As the disease progresses, wasting and abdominal distension manifest 
themselves, and the fever assumes an intermittent or remittent type, and 
there may be two or three rises of temperature in twenty-four hours, as 
has been observed by Jemma, Caronia and Nicolle. Generally the fever 
subsequently assumes a continuous type. 

The course of the disease may be acute, subacute or chronic (Jemma). 
The acute type, which is generally fatal, lasts from one to two months and has 
occasionally been observed in Italy. 

The subacute type lasts from five to twelve months, and death may take 
place from complications. The chronic type lasts two to three years, and 
may end in recovery. In endemic localities all cases do not die, as has been 
observed by Jemma, Spagnolio, Nicolle, Lignos, and others, in the Mediter- 
ranean districts, and by Balfour in the Sudan. 

There is generally progressive enlargement of the spleen, but Dionisi has 
observed that in very rare cases this may be entirely absent. The liver is not 
constantly enlarged. 
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In some cases the disease remains stationary. The cases that improve 
become more and more bright, the skin regains its normal colour, the spleen 
diminishes in size and may come to its normal proportions. Subsequently 
complete recovery takes place. 

In those cases that do not recover there is increase of anjemia and 
weakness, and the patient becomes more and more listless. 

The muscular tissue wastes and loses its tonus. Children, especially in the 
third stage, look very cachectic and pale with sunken features, weary eyes, very 
pallid lips, lying immobile and apathetic. 

In many children a condition of drowsiness is observed towards the end. 
Subsequently the patient dies of some complication. 

Symptoms of Infantile Kala-azar Considered in Detail, 

Temperature, — This is frequently of an irregular type, and in the early 
stages of the disease is interrupted by periods of apyrexia. Sometimes it is 
intermittent, becoming remittent with double or triple or multiple rises in 
twenty-four hours. Subsequently the fever assumes a continuous type 
without any periods of apyrexia. Occasional attacks of hyperpyrexia may 
occur, and sometimes the temperature may come down to subnormal (see 
charts, figs. 17 and 18). In rare cases the pyrexia may be slight. 

Chills and Rigors. — These occur occasionally at the onset of the disease, 
the seizures coming on suddenly, as in malaria, and terminating with severe 
perspiration. As a rule, however, these rigors are absent, and the disease 
begins very insidiously. 

Nervous System, — The mental condition of the child deteriorates as the 
disease progresses. He will no longer play, and becomes more and more 
indifferent to his surroundings as the anaemia increases. He loses his spright- 
liness and always rests in his mother's arms, and sometimes becomes stuporose 
towards the end. 

Gastro-intestinal Symptoms. — Vomiting and diarrhoea, or constipation 
alternating with diarrhoea, are frequently present and sometimes are the first 
symptoms that are noticed in this disease. There is a good appetite which 
may be increased at times. Rarely there may be anorexia. The stools may 
contain undigested food material with blood and mucus. The motions are 
very foul. Haemorrhage from the intestines is rare. There may be terminal 
dysentery or diarrhoea. 

The Skin, — As the disease progresses, the skin loses its elasticity, and 
assumes a peculiar pale, transparent, wax-like or earthy appearance ; some- 
times it appears cadaverous-looking. Pin-point hasmorrhages, petechial and 
purpuric haemorrhages, are common on the trunk, the abdomen and the 
extremities. They are probably more common than in Indian kala-azar. 

General Condition, — Anaemia is more intense than in adult kala-azar, 
and this is accompanied by tvasting and disappearance of the sub- 
cutaneous fat. The prominent ribs, scapulae and long bones, the protuberant 
abdomen due to enlargement of the spleen and liver, and ascites, and the 
enlargement of the superficial abdominal veins present a very characteristic 
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picture. Later on oedema of the extremities, the face and the eyelids, shows 
itself. 

CEdema may arise in any stage of the disease, and sometimes it appears 
suddenly. Early oedema often vanishes suddenly. The oedematous areas 
may be inflamed and become painful. 

There may be visible pulsation of the veins of the neck. 

Diminution in Weight . — Progressive from the beginning, and is especially 
marked towards the end. 

Cardio-vascnlar Symptoms . — The pulse is always very rapid, and its rate out 
of proportion to the rise of temperature. Tachycardia remains during periods 



FiCt. 19 — Kala-azar in a child aged li years. (Original ) 

of apyrexia, and during the fever the rate may be 150-160. Haemic bruits may 
be present in the heart. 

Respiratory Symptoms . — There may be bronchitic symptoms and dyspnoea 
on exertion. There may be cyanosis and dangerous asphyxia, sometimes 
due to oedema of the glottis. Lobar pneumonia, broncho-pneumonia or 
pleurisy may be sometimes observed and especially towards the end. 

Urinary Symptoms . — The urine usually remains normal, but there may' be 
slight albuminuria, or diminution in the output. Lipuria may be present 
(Franchini and Longo). Petrone and Cannata found the diazo reaction 
present. Rarely there may be cystitis. Scordo found no abnormality in the 
ratio between the chlorides and nitrogen. 

6 
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The Spleen , — The spleen becomes progressively enlarged, till it fills the left 
side of the abdomen, but there is no constant relationship between the size of 
the spleen and the severity and progress of the disease, as has been stated 
erroneously. In the first stage the spleen is soft, and it begins to harden in 
the second and third stages. The spleen may diminish in size towards the end, 
especially after profuse diarrhoea. The absence of enlargement of the spleen 
IS very rare. The patient may complain of pain in the spleen and occasionally 
small supernumeiary spleens may be present. 

The Liver . — It is generally enlarged, but it bears no recognizable i elation- 
ship to the enlargement of the spleen. Its edge is regular, sharply defined and 
firm. Some observers lay greater stress upon the increasing hardness of the 
liver than upon its enlargement. Hepatoptosis is very rare (Gabbi). Sometimes 
there is no enlargement of the liver. 



Fig. 20 — A case of infantile kala-azar (Original ) 

The Lymphatic Glands . — The glands in the neck, axilla and groin, frequently 
undergo painless enlargement, according to some observers, while others state 
that they are as a rule unchanged. Jemma and di Cristina described a case 
in which micropolyadenitis occurred. Feletti, Cortesi, Levy, Spagnolio 
and Caristo observed simple lymphadenitis in the region of the neck, 
axilla and groin. Cochran and Neumann, as well as Spagnolio, have found 
Leishmania present in these glands. 

The Blood . — The blood-changes are somewhat similar to those observed in 
kala-azar of adults. But the relative leucopenia is not so pronounced. In the 
Sudan variety of the disease, diminution of the eosinophils has been observed. 
The blood may rarely show the presence of microcytes, macrocytes and poikilo- 
cytes, and, still more rarely, normoblasts. The haemoglobin content of the 
blood may be as low as lo per cent, and the colour index is less than noimal. 
Cannata found the resistance of the red coipuscles diminished, while Abate 
observed increase of maximum and minimum resistance. The red coipuscles 
diminish in number as the disease progresses. As regards the leucocytes, 
Cannata found in 3i‘i per cent, the leucocyte count was normal or nearly 




Sympto 7 natology 77 

normal, in 62*2 per cent, there was leucopenia, and in 67 per cent, there was 
slight leucocytosis. 

Feletti and Longo, in Catania, and Kardematis, in Greece, and Pittaluga, in 
Spain, always found leucopenia. Generally there is relative increase of the 
large mononuclears and lymphocytes at the expense of the polymorph onuclears. 
The presence of lipemia, noted by Longo, has been confirmed by Gabbi. 

As regards the biochemical changes in the blood, Milo, in Messina, and 
others have confirmed the author's observations on the globulin precipitation 
test in serum of adult kala-azar. 

Pavoni found that the complement-deviation reaction in cases of kala-az.ir 
running the usual course of the disease was nearly always negative. In some 
cases that recovered, the reaction was positive as also in chronic cases, 
though it might disappear suddenly if the patient suddenly became worse. 
The reaction for deviation of the complement was tried by Cristina and 
Caronia in eighty-eight cases of infantile kala-azar, with partially or definitely 
positive results in thirteen cases. In those cases in which a positive result 
was obtained the malady had only been of short duration, suggesting that 
there was an immunity reaction early in the disease. They also tried the 
complement-deviation reaction by the method suggested by Ascolti. It 
depends upon the fact that a subject who has been submitted to the action 
of an antigen without having reacted in the production of specific antibodies 
may be artificially stimulated with the small doses of the same antigen (killed 
cultures, toxins, &c,), so that he acquires the power of forming these anti- 
bodies (Ascolti's allergic sero-diagnosis). Patients, suffering from kala-azar, 
in whose blood no antibodies could be detected were treated with nucleo- 
proteids extracted from cultures of Leishmania. Their blood showed the 
reaction for the deviation of the complement and agglutination on the fifth 
or sixth day. 

Di Cristina and Caronia, as a result of their own observations and those 
of other observers, conclude that agglutinins and specific precipitins only 
rarely are produced in any quantity in the blood as the result of the natural 
Leishmania infection, but that it is possible to produce them artificially by the 
injection of killed parasites or of nucleo-proteids extracted from these. They 
hold that the Leishmania act like other micro-organisms, in that they 
stimulate the body by means of toxins and endotoxins to the production of 
antibodies. In the cases in which a positive result was obtained, the malady 
had only been of short duration, suggesting that there was an immunity 
reaction early in the disease only. In one case this disappeared after fifteen 
days. The reader is referred to Noguchi’s experiments on serological 
reactions (p. 35). 

Scordo found that the serum of kala-azar patients had some agglutinating 
action on cultures of Leishmania, 2ind that this action was more on the cultures 
of human than of canine origin. Bandi has observed that the repeated 
intravenous injection of rabbits with cultures of Leishmania of human or 
canine origin causes the appearance in the blood of substances capable of 
agglutinating the cultural forms. The serum of rabbits injected with cultures 
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of canine Leishmama agglutinated cultures both of canine Leishinania and 
Leishinaiiia infantum in dilutions of i in 160. Their sera further produced 
agglutination of cultures of Leishmania tropica in a dilution of i in 70. 
Montenegro reports that intradermal injection of alkaline extract of 
Leishmania given to patients with leishmaniasis produces a positive reaction 
in more than 80 per cent, of cases, which, when typical, is diagnostic. 

Caronia holds that the complement power of the blood is increased in 
cases of kala-azar, being more marked in the later stages of the disease. In 
this connection the author would refer to his observations that the serum of 
kala-azar patients contains a peculiar globulin-like substance which possesses 
a marked anti-complementary property when mixed with a haemolytic system. 
The author’s observations on Indian kala-azar differ from those of Caronia 
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CHAPTER X. 

COMPLICATIONS. 

I. IN THE ADULT FORM. 

Cancrum oris is common, and is a most serious complication. There 
may be extensive sloughing of the cheeks, and destruction of the muscles 
and bones of the face (see fig. 21). The sloughing process may also 
extend upwards and destroy the eyeball. Septic absorption may take place 
into the vessels of the brain, giving rise to cerebral complications, such as 
meningitis, &c., followed by convulsions, coma and death. In other cases, 
the sloughing process may extend to a large artery and severe haemorrhage 
may follow. Death may take place from haemorrhage from the facial or the 
lingual artery. In rare cases, sloughing may start from the soft palate, the 
pharynx, or from under the tongue. The tonsils may slough off. Bleeding 
from the gums, ulcerative stomatitis, and pyorrhoea alveolaris are often 
observed. Septic conditions such as ischio-rechil abscess, mastoid abscess, 
otitis media, gangrene of the vulva, as well as sloughing and septic dysentery, 
may occur. There is a tendency to haemorrhage from different parts of the 
body, as shown by petechiae or large purpuric patches. These are serious 
complications, and appear more in the late than in the early stages of the 
disease. Haematemesis and melaena may occur and sometimes herald the 
end. These may be followed by a striking diminution in the size of the 
spleen. Melaena may occur with or without any dysentery. Epistaxis 
may be severe and threaten life. It may be present either early or late in the 
disease. There may be cerebral haemorrhage and death may follow. 

Gastro-intestinal complications, such as diarrhoea, bacillary or amoebic 
dysentery, are often terminal complications. Cases have been described in 
which dysenteric symptoms due to Leislimania closely allied to those of true 
dysentei*y may appear during the course of the disease. Such leishmania 
dysentery must be very rare, and generally the dysentery is of the bacillary or 
amoebic type. Generally speaking, dysenteiy is a serious complication, and 
if it tends to be chronic it frequently ends fatally. Septic dysentery is almost 
always fatal. If dysentery is associated with marked oedema and anaemia, it 
is then frequently fatal. Very rarely death may take place from perforation 
of the bowels. 

Bronchitis is frequently present when there is marked oedema. , A relaxed 
condition of the throat may give rise to a troublesome cough. Broncho- 
pneumonia, lobar pneumonia, pleurisy, empyema and tuberculosis, may also 
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complicate the disease. If pneumonia is associated with cancrum oris or a 
septic condition of the mouth, then it is very likely to end fatally. One case 
of the author had hasmothorax, and sixty ounces of bloody fluid were removed 
from the left pleural cavity. 

Reference has already been made to tachycardia. More rarely theie may 
be mai ked bradycardia a few days before death. Dilatation of the heart may 
be present. Jaundice and ascites due to a cirrhotic condition of the liver, or 
pressure of cells loaded with Lcishmauia upon the bile or the portal capillaries 
may be piesent. Liver abscess is rare. Perihepatitis, pei isplenitis, infarcts 
in the spleen and its rupture have been noted. The author has seen extensive 
haeiiiorrhage under the capsule of the spleen, giving rise to a haematoma. 



KiG. 21— A case of extensive cancrum ons m adult kala-azar, cured by urea stibamine, 

(On^^inal.) 

Severe anaemia, general anasarca, albuminuria, and true nephritis may be 
present. 

Ankylostomiasis, typhoid fever, and Bacillus coli infection may complicate 
the disease. Malaria may complicate the disease, but not so often as one 
would expect from the common endemicity of the two diseases in many 
places. This is partly to be attributed to the fact that most cases come for 
treatment after having taken quinine, having been primarily diagnosed as 
cases of malaria. In hospital practice malaria is rarely found as a complica- 
tion of kala-azar. 

In acute cases, typhoid symptoms, subsultus tendinum, delirium and 
coma, are occasionally present. These may also be present in some chronic 
cases shortly before death. Tetany, epileptiform fits, retinal and meningeal 
haemon'hages are unusual complications. 
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Dropsy is sometimes found to be a very marked symptom of the disease 
and is frequently associated with much ansemia. Cases with severe anaemia 
and marked dropsy are generally very resistant to treatment. 

Skin diseases and ulcers in the skin frequently arise in chronic cases. 

II. JN THE INFANTILE FORM. 

Hcemorrhages may also occur in this form of the disease, such as severe 
epistaxis, which may be fatal, haemorrhage from the gums, petechiae and 
purpuric patches. Melaena and haematemesis are not common. Bleeding 
from the gums is common. There may be complications of stomatitis cata- 
rrhalis and ulcerosa and noma. The former makes its first appearance upon 
the lips, and subsequently affects the cheeks or the gums. It may be present 
either in a slight {forma catarrJialis) or severe form {forma 'ulcerosa) and 
resemble true noma. Noma has been obseived in Tunis by Nicolle, in Italy 
by Gabbi, Longo and Feletti, in Greece by Lignos and Chriitomonos, and in 
Malta by Critien. 

Critien observed cases of cancrum oris in which the course of develop- 
ment varied from three to six weeks. As long as the condition was 
maintained, there was practically no pain. The affected mucous membrane 
had a greenish-black superficial appearance ; it secreted a malodorous 
mucilaginous fluid, which dripped away at the corners of the mouth. In one 
case, observed by Longo, the infective process spread to the palate and nasal 
bones and destroyed both. Leishmania have never been found in the 
secretion, except in one of Gabbi's cases, in which instance he thought that 
they probably had come from the blood, because they were found in a 
moribund child. 

Septic infections, mastoid abscesses, otitis media and deafness, may 
complicate the disease. 

Respiratory complications are not unusual. There may be bronchitis, 
lobar pneumonia, broncho-pneumonia, pleuritis and tuberculosis. Sometimes 
there develop fatal dyspnoea and cyanosis, due probably to oedema of the 
glottis. Albuminuria, true nephritis, haematuria and lipuria may also 
complicate the disease. Malaria and ankylostomiasis may be associated with 
infantile kala-azar. Obstinate diarrhoea, entero-colitis and dysentei-y may be 
dangerous complications, and lead to death. In many cases these intestinal 
disorders are due to errors in diet. There may be cerebral haemorrhage and 
spinal meningitis. Skin eruptions may be present, e.g., pemphigus (Nicolle). 
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CHAPTER XI. 

PROGNOSIS. 

The prognosis of kala-azar in cases of untreated adults is very grave. 
Before treatment with antimony had been introduced about 90 to 95 per cent , 
or even more, of the cases died. In Assam " it is a well-known fact that 
before any treatment for kala-azar was known, at least 90 per cent, of those 
attacked succumbed to the disease ” (Murison). A very low leucocyte count, 
marked diminution of the polymorphonuclears, and severe anaemia indicate 
an unfavourable prognosis. Complications influence the prognosis, especially 
cancrum oris, dysentery, diarrhoea and haemorrhagic tendencies which are 
very serious. Cases of cancrum oris without reactive leucocytosis invariably 
terminate fatally, while those with a well-marked reactive leucocytosis may 
recover both from kala-azar as well as cancrum oris. Other complications 
that influence the prognosis are pneumonia, nephritis, cirrhosis of the liver, 
cardiac dilatation, and general anasarca. If the patient recovers from an 
attack of pneumonia complicating the disease, then he may also recover from 
kala-azar, especially if a well-marked leucocytosis develops during the attack 
of pneumonia. 

There are rare cases that are resistant to antimony treatment, and their 
prognosis is bad. 

In infantile kala-azar, 14 to 24 per cent, of the cases have been recorded 
by different observers as undergoing spontaneous cure. Here, too, com- 
plications influence the prognosis. 

Jemma has observed that the chronic type of the disease, lasting from two 
to three years, may end in complete recovery. Noma, dysentery, obstinate 
diarrhoea, haemorrhagic tendency, and oedema of the glottis are the mo.st 
dangerous complications. The more marked the leucopenia, and the smaller 
the number of polymorphonuclears, the worse is the prognosis. 

In the Sudan the percentage of spontaneous recoveries is very small. It 
has been noted that a reappearance or increase of the eosinophils in the 
blood is a favourable sign. Increase of eosinophils occurs in cases of kala- 
azar of adults that are improving under antimonial treatment. 

Since ihe introduction of the antimonial treatment of the disease no case 
should be regarded as hopeless, unless there is a fatal complication. 
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CHAPTER XII. 

DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS. 

I. DIAGNOSIS. 

In areas where kala-azar of adults is endemic, any doubt arising as to the 
correct diagnosis of the condition can be settled if the following symptoms 
are present : — 

A double rise of temperature persisting for a long time ; progressive, rapid 
and marked enlargement of the spleen ; increasing emaciation and loss of 
weight ; progressive an2emia and progressive leucopenia ; early oedema and 
haemorrhages ; a peculiar, somewhat shiny appearance of the skin ; and the 
failure of quinine in checking the fever. 

If the ratio of the white to the red corpuscles in the blood is less than 
I to 1,500, then the disease is very likely to be kala-azar. Unfortunately this 
relative leucopenia is not always present. The globulin tests are of diagnostic 
value when positive. Brahmachari considers that the globulin opacity test is 
of great value. The formaldehyde test may be negative in early cases of 
undoubted kala-azar, while it may be positive in cases that are not kala-azar. 
Chopra's recent urea stibamine may also be tried. Di Cristina and Caronia’s 
anaphylactic test described below does not appear to have been tried in kala- 
azar of adults. 

^'Wagener (1923) has shown that the injection of alkaline extracts of 
Leishmaiiia from cultures into the skin of rabbits previously rendered sensitive 
by injections of cultural forms of Leishmaiiia produces a local reaction in the 
form of an erythematous papule, which reaches its height in forty-eight hours, 
and persists from three to five days. The antigen can be prepared from both 
Leishmaiiia tropica and Leishmaiiia donovaiii, as it is not specific for either 
parasite. If these results are confirmed, the reaction may be of use for 
diagnostic purposes’' (Wenyon's Protozoology). 

Infantile kala-azar presents a similar clinical picture. The differences 
which occur are dependent on the age of the patient. The temperature is 
more irregular, and the characteristic leucopenia of kala-azar in adults may 
be absent. The enlargement of the spleen and the liver, with distended 
superficial veins in fairly advanced cases, the irregular fever, pallor and 
anaemia, occurring in a child in an endemic area, make the diagnosis easier. 
Milo has used the globulin precipitation test and has invariably obtained 
positive results. The other biochemical tests, e.g., the globulin opacity and 
the formaldehyde tests, should be tried. Di Cristina and Caronia have 
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described a method of diagnosing infantile kala-azar by what they call the 
anaphylactic test. It is described as follows : — 

2-3 c.c. of serum from a patient is mixed with 2 c.c. of culture of 
Leishmaiiia on N N N medium. The mixture is kept at 37° C. for one 
hour, and then on ice for twentj^-foiir houis. It is injected intravenously into 
a guinea-pig which has been immunized against culture of Lcishniaiiia by 
repeated subcutaneous injections. Reaction as shown by tremor, dyspnoea, 
paralysis of the sphincters, and even death, may be observed in cases of kala- 
azar, while with the serum of healthy children no such reaction is shown. 

The presence of Leishman-Donovan bodies in the spleen, the liver, the 
bone-marrow, or in the peripheral blood, clinches the diagnosis of the 
disease. Careful examination of the blood-smears from the peripheral blood, 
especially at the margins of the smears where the leucocytes collect in 
largest numbers, may show the presence of Leishmaiiia, It may be advan- 
tageous to constrict the finger by a ligature for some time before the blood 
is taken from it. Unfortunately the method is tedious, because often 
only very few parasites are present in the peiipheral blood, and they may 
easily be overlooked. As the parasites are present inside the large mono- 
nuclear or polymorphonuclear leucocytes, these cells should be carefully 
examined. The blood may be citrated with 4 per cent, solution of sodium 
citrate and centrifuged. The deposit in the upper layer of the sediment, 
which consists mostly of leucocytes, [may be examined for the presence of 
Leishmaiiia, 

Knowles and Gupta, using the following method, were able to show 
the presence of parasites in the peripheral blood in 67 per cent, of the cases 
they investigated. Four large drops of blood are placed one in each corner 
of a half-inch square on a glass slide, and by means of a needle or glass 
rod they are spread thickly and evenly. The slide is then dried at room 
temperature foi two hours, or in an incubator at 37° C. for one hour. The 
haemoglobin is removed from the smear by using a mixture of four paits of 
2^ per cent, solution of acetic acid in distilled water, and one part of a 
2 per cent, solution of crystalline tartaric acid in distilled water. The smear 
is then fixed with methyl alcohol and, after thorough washing with distilled 
water, is stained. The Leishmaiiia are found inside the large hyaline 
mononuclear or polymorphonuclear leucocytes. For other methods of 
preparing thick films see Appendix and Addendum. 

In the author’s experience, the smears made after puncture or excision of 
the lymphatic glands, as suggested by Cochran, have given negative results. 
It has also been suggested that the contents of artificial pustules of the skin 
made by irritation and the leucocytes present in them, and scrapings from 
ulcers, should be examined. The results have been unsatisfactory in the 
author’s hands. Bone puncture may give more satisfactory results, but it 
is not always easy and is rather painful, and a procedure not devoid of 
danger. The head of the tibia, the lower end of the femur, a rib or the 
sternum may be perforated and the marrow removed and examined for 
Leishmania, The removal of the bone-marrow may be facilitated by the 



85 


Diagnosis and Differential Diagnosis 

use of a trochar and cannula aided by an aspirator. Liver puncture has been 
advocated and is considered to be less dangerous than spleen puncture. But 
the results are not always positive, even in cases of kala-azar. 

The surest method of finding the Lcishmania in the smears of tissues is 
by spleen puncture. 

A small all-glass hypodermic syringe of i or 2 c.c. capacity with a fine 
hypodermic needle is used to enable one to draw enough of the spleen pulp 
to show the presence of parasites. It is advisable to give the patient 
10 to 15 grains of calcium chloride half an hour before and after the 
operation. The needle must be perfectly aseptic and dry, and the operation 
gently performed. The needle and the syringe, after being sterilized in oil or 
boiling water, are diied with absolute alcohol which is afterwards blown out 
as much as possible with the aid of the piston, the last traces being allowed 
to evaporate. If there is any trace of water in the needle, then the parasites 
will burst and be distorted and thereby rendered unrecognizable, and the 
presence of alcohol may coagulate the blood and thereby block the needle. 
The patient should not speak or breathe after the needle has pierced the 
skin and has penetrated the spleen. The patient should lie on his back, 
and the needle should be inserted more or less perpendicularly. The insertion 
is made at a point where the spleen seems to be in greatest contact with the 
abdominal wall. It is always desirable to fix the skin of the spot to be 
punctured with two fingers of one hand. If much blood is drawn by the 
syringe, it is advisable to exert digital pressure on the punctured spot for 
one-half to two hours, and to keep the patient absolutely quiet. 

Opinions differ as to the danger of spleen puncture. However simple the 
operation, and however slight the danger may be, it certainly does exist. In 
the early stages, when the spleen is soft and very vascular and the capsule is 
thin, the danger of haemorrhage is great. On the other hand, in the later 
stages ot the disease the spleen is more friable, and a puncture may make a 
rent which may not close after removal of the needle. Besides, in this stage 
the coagulability of the blood is sometimes very markedly diminished, and 
this may increase the tendency to haemou’hage. If, however, the precautions 
described are followed and one uses a fine needle and does not attempt to 
draw large quantities of blood, then the dangers of the operation can be reduced 
to a minimum. In cases where there is a haemorrhagic tendency and the 
coagulability of the blood is diminished, the operation should not be per- 
formed. The latter condition can be recognized when the coagulation time 
for the peripheral blood of the patient is longer than five minutes. Other 
contra-indications are the presence of severe anaemia, the red blood-corpuscles 
being less than two millions per cubic millimetre, severe cough, diarrhoea, 
nausea, vomiting, presence of much ascites, or any condition in which there 
is much movement of the diaphragm. The possibility of the case being 
leukaemia or typhoid fever should also be borne in mind. In any case the 
operation should not be performed unless it is absolutely necessary. 

The absence of Leishmania from spleen puncture does not absolutely 
exclude kala-a:?ar, Christophers thinks that in certain stages of the disease 
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they are much reduced in number, and may be absent from certain portions 
of the spleen. It may happen that microscopic examination of spleen 
puncture material does not reveal any Leishmania, but a culture prepared 
from spleen tissue will show their presence. 

The culture of the parasites from the peripheral blood should always be 
undertaken in suspected cases, if there are facilities for doing so. This method 
was successfully carried out by Novy, Mayer and Werner, Wenyon, Cornwall 
and others. Row has elaborated an “intensive method” of cultivating the 
parasites. A few drops of blood fiom the finger are introduced directly into 
15 to 20 c.c. of citrated saline solution before any clotting has taken place. 
This diluted blood is then centrifugalized and the sediment of corpuscles 
planted directly into a suitable medium, e.g., N N N medium. In this way a 
growth of flagellates may be obtained in about six days. The following 
modification of his method gives very good results : — 

About a quarter of a cubic centimetre of blood from a vein at the bend of 
the elbow is put into 20 c.c. of citrated salt solution (physiological saline 
containing 1*5 per cent, sodium citrate) ; the mixture is shaken gently and 
allowed to stand over-night in the cool incubator. As soon as the corpuscles 
have settled to the bottom of the tube, the supernatant fluid is poured off, and 
the corpuscles are pipetted off with a capillary pipette and transferred into 
the water of condensation at the bottom of N N N tubes, which are then 
incubated at 22° C. In the case of splenic blood, the syringe is filled with a 
few drops of the pitrate solution mentioned above and the spleen punctured. 
The blood drawn is then mixed with the cilrateid saline inside the syringe, 
transferred to the N N N medium and incubated in the same vvay as the 
peripheral blood. Blood from a finger may be taken for culture instead of 
the blood from a vein. 

N.B. — To ensure a successful result, strict aseptic precautions are necessary, 
as slight bacterial contamination kills the Leishmania, though they have been 
found to grow luxuriantly with fungi. 

II. DIFFKRENTIAL DIAGNOSIS. 

In the early stages, kala-azar may be mistaken for malaria, typhoid or 
paratyphoid fevers, or Bacillus coli infection. Cases that begin with rigor and 
fever of an intermittent nature are likely to be mistaken for acute malaria. On 
the other hand, malignant tertian fever, in which the fever may be irregular 
and sometimes assumes a remittent type and may not be associated with 
rigor, is likely to be mistaken for kala-azar. 

Ill such cases the blood should be examined for malarial parasites and 
pigment-bearing leucocytes, and the effect of quinine must be tried. If the 
fever resists quinine administered orally for a week, in doses of 0-65 to I'o grra. 
(10 to 15 gr.) per day, and has also resisted intramuscular and intravenous 
injections of quinine in 0-65 gi'm. (10 gr.) doses for a week, then it may be 
concluded that the infection is not malarial, and other diseases, among which 
one may include kala-azar, in an endemic area, should be suspected. 
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It must not be forgotten that in some rare cases there may be a double 
rise of temperature and marked leucopenia in malaria. Marked periodicity 
of the paroxysms of fever, and heavy perspiration towards the end, are more 
common in malaria than in kala-azar. Bleeding from the gums and epistaxis 
are more common in early cases of kala-azar than in malaria. A voracious 
appetite is a symptom in favour of kala-azar. 

Generally speaking, in the early stages the an?emia is greater in malaria 
than in adult kala-azar, while on the other hand, marked leucopenia occurs 
more frequently in kala-azar. The characteristic relative leucopenia of the 
disease, if present, is very helpful in diagnosis. On the other hand, the 
blood-picture may be somewhat as follows : Haemoglobin, 55 per cent. ; 
red blood-corpuscles, 3,200,000 ; white blood-corpuscles, 5,000. Such a 
blood-picture may fit very well with a case of early kala-azar just as much 
as it may fit with malaria. The globulin tests should help in the diagnosis. 
The smears from spleen puncture material should be examined for Leishman- 
Donovan bodies, a peripheral blood-culture and spleen blood-culture should 
be made for flagellates, if there are facilities. 

Careful examination of the temperature chart should be made. A marked 
double rise of temperature continued for days, with tachycardia, which is 
persistent during periods of apyrexia, points to kala-azar. Early oedema 
associated with slight enlargement of the spleen, in the absence of nephritis 
and anaemia, is more frequent in kala-azar than in malaria. 

Early and acute cases may be mistaken for typhoid fever. The characteristic 
step-ladder-like temperature may be absent in a case of typhoid, just as the 
double rise of temperature may be absent in a case of kala-azar. Double 
rises of temperature may rarely be present in cases of typhoid, especially in 
children. 

Generally speaking, there is no great disturbance of the nervous system in 
kala-azar. Leucopenia and relative increase of lymphocytes may be present 
in both the diseases. A positive Widal reaction in dilutions of i in top goes 
much in favour of typhoid. It must, however, be remembered that the blood 
in the early typhoidal stage of Indian kala-azar may give a partial or rarely 
a completely positive Widal reaction, probably due to a double infection. 
In the case of infantile kala-azar, Cannata never found the reaction positive. 
On the other hand, a positive Widal reaction may be absent, though rarely in 
undoubted cases of typhoid. The enlargement of the spleen is more marked 
in kala azar. In doubtful cases blood-cultures help to confirm a diagnosis. 

Paratyphoid fevers are frequently mistaken for kala-azar. Severe consti- 
tutional symptoms are likely to be absent in both these diseases, and the spleen 
may be considerably enlarged in them. Shivering may be present in 
early stages of both tlie diseases. 

Although paratyphoid fever generally lasts for a fortnight, it sometimes 
lasts for two or three months, or even longer, and may be thus mistaken 
for kala-azar. Positive Widal reaction for paratyphoid (A or B) goes in favour 
of paratyphoid fever. 

Another disease for which kala-azar is likely to be mistaken in its early 
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stage IS Bacillus coli infection. The irregularity of the temperature curve, and 
the occurrence of rigors with high rises of temperature, sometimes more 
than once during twenty-four hours, may take place in both diseases. The 
difficulty in diagnosis is specially likely to happen during pregnancy or in 
the puerperal state, in which the characteristic relative leucopenia of kala- 
azar may be absent. The presence of marked leucocytosis goes in favour of 
Bacillus coli infection. In doubtful cases the spleen should be punctured or 
a blood-culture made for flagellates, in order to confirm the diagnosis. 

Acute tuberculosis may be associated with leucopenia, enlargenjent of the 
spleen, and remittent type of fever, and there may be no physical signs of 
tuberculosis in the lungs. In acute tuberculosis, dyspnoea, cyanosis and 
choroidal tubercles are likely to be present. Generally speaking, symptoms 
of tuberculous meningitis show themselves, and cerebral symptoms are more 
marked in this disease than in kala-azar. 

In chronic cases of kala-azar, low intermittent fever may lead one to 
suspect chronic tuberculosis, especially in a patient who is markedly wasted, 
and has been suffering from obstinate diarrhoea or dysentery. In addition 
the bronchitic symptoms, which are often present in (he later slage of 
kala-azar, may suggest chronic tuberculosis, or kala-azar complicated by 
tuberculosis. Tuberculosis in which the spleen is enlarged may be mistaken 
for kala-azar. 

Tuberculous infection should be suspected in a case of kala-azaj’, if during 
antimony treatment the fever changes to a hectic type and there is no 
improvement in the patient’s general condition, in spite of disappearance of 
leucopenia and appearance of leucocytosis and subsidence of splenic and 
hepatic enlargements. In such cases a careful examination for a tubercular 
focus in the lungs or elsewhere should be made. 

In chronic cases the temperature curve of Malta fever may resemble that 
of kala-azar, so that there may be difficulty in the diagnosis in localities where 
both diseases occur. Generally speaking, the spleen in Malta fever is not 
so much enlarged as in kala-azar, and the liver is hardly enlarged in it. 
Constipation and heavy sweats are fairly constant symptoms in Malta fever, 
while haemorrhages, oedema, pigmentation of the skin and leucopenia are 
absent in this disease. There may be slight leucocytosis. The serum test will 
be of great help in diagnosis, and the intimate relationship of the disease with 
the use of infected goat’s milk may be of help in establishing the’ diagnosis. 
Anaemia is more marked in kala-azar. Malta fever runs a much milder course 
than kala-azar. 

Trypanosomiasis and kala-azar may be difficult to differentiate in those 
lare places where the two diseases occur. Irregular fever with periods of 
apyrexia, the presence of oedema and enlargement of the spleen, anaemia and 
increase of mononuclear leucocytes, are common in both diseases. Poly- 
adenitis and the presence of trypanosomes in the puncture material from the 
enlarged lymphatic glands, or in the cerebro-spinal fluid, or in the peripheral 
blood, confirm the diagnosis. It must, however, be noted that enlargement 
of the lymphatic glands in kala-azar, though not common in India, has also 
been observed in other affected areas. 
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In later stages kala-azar may be mistaken for chronic malaria, tuberculosis, 
imiltilohular cirrhosis of the liver, Malta fever, Banti's disease, and generally 
diseases that are associated with low fever, ancemia without leucocyfosis and 
chronic splenomegaly. In malarial cachexia, as in kala-azar, the temperature 
may not be higher than 37*5^ C. (99*5° F.) for many days. In most cases, 
however, the characteristic temperature curve can be made out, as well as the 
presence ot malarial parasites in the blood and the characteristic action of 
quinine. It may be stated that an enlarged spleen which is soft, even after an 
illness of many months' duration, and which has become enlarged rather 
quickly, and has been steadily enlarging during apyrexial periods, or without 
any febrile exacerbations, is an indication of kala-azar rather than malaria. 
Although the spleen may become hard in chronic cases of kala-azar, yet 
some of the hardest and biggest spleens are found in malaria. If the spleen 
reaches up to the navel, during a course of illness of not more than two or 
three months, the diagnosis is more in favour of kala-azar than malaria. 

The borderland cases between kala-azar and malaiia present the greatest 
difficulty in diagnosis. Not infrequently one may meet with cases with the 
following blood-picture : Red blood-cells, 2,500,000 ; white blood-cells, 3,000 ; 
haemoglobin, 30 per cent. Such a blood-picture may be present m both malaria 
and kala-azar. In such cases marked diminution in the number of the poly- 
morphonuclear leucocytes is an indication of kala-azar. In these cases a 
spleen puncture should be made after administration of calcium chloride, 
and a culture should be made from the splenic juice and peripheral blood 
on N N N medium for flagellates, if there are facilities. The globulin tests 
should be made. Bleeding from the skin and mucous membranes, and 
disturbances of the alimentary canal are more common in kala-azar than 
in malaria, especially in the case of children. 

Archibald has observed that intestinal schistosomiasis caused hy Schistosoma 
mansoni may produce fever associated with splenomegaly. In such cases one 
should look for leucocytosis and examine the stools for the presence of the 
characteristic ova. 

Ankylostomiasis may be associated with fever and sometimes, according to 
certain observers, enlargement of the spleen without leucocytosis. The 
presence of eosinophilia, the blotting-paper tongue, the presence of worms 
and their ova in the stools, should make tlie diagnosis easy. This disease may 
be a complicating factor m kala-azar, and in cases where there is extreme 
anaemia, its presence should be suspected. 

Histoplasmosis, a rare disease described by Darling, closely resembles kala- 
azar of adults in its symptoms, which include irregular fever, enlargement of 
the spleen and liver, severe anaemia and leucopenia. The causative organism, 
which was considered by Darling to be a protozoon, has been shown by 
Rocha-Lima to be a yeast-like body belonging to the cryptococci. 

Toxoplasmosis, another rare disease first described by Casteflani, may 
resemble kala-azar in its symptoms. The disease was supposed by Castellani 
to be due to a parasite described as Toxoplasma pyrogenes, Wenyon holds 
that no such parasite exists. Probably the cases described by Castellani were 
cases of kala-azar. 
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Malignant diseases of the abdomen may be associated with chronic 
irregular fever, and if not carefully examined may be mistaken for kala-azar. 

The possibility of the occurrence of Banti's disease in the endemic areas 
of kala-azar should be borne in mind. There is a record of a musenm 
specimen of a spleen removed for Band's disease, in which abundant kala- 
azar parasites were subsequently found. The common symptoms of the 
two diseases are gradually increasing enlaigement of the spleen, anaemia, 
leucopenia (average leucocyte count 3,500) with haemorrhages, a tendency 
towards development of ascites, a progressive cachexia and a gradual down-hill 
course. In Banti's disease, however, one observes absence of the characteristic 
double rise of temperature. The history of frequent haematemesis, the 
extraordinary chronic course of the disease lasting for ten or twelve years 
with an enlargement of the spleen, which may not cause any discomfort, the 
development of jaundice with ascites in the late stage of the disease, and the 
absence of Leishman-Donovan bodies in the spleen help in its diagnosis. It 
is very important that a careful differential diagnosis be made in suspected 
cases in endemic areas of kala-azar, as early removal of the spleen in Banti's 
disease may lead to complete recovery. 

Pernicious ancemia may sometimes be associated with leucopenia and 
enlargement of the spleen, but the high colour index, the large number of 
nucleated red corpuscles, and the clinical course should enable one to 
distinguish the disease from kala-azar. 

Hodgkin's disease may be confused with kala-azar. Some of its symptoms 
are, low pyrexia with enlargement of the spleen, severe anamiia of the chlorotic 
type in late stages, some relative increase of tlie lymphocytes with propor- 
tionate diminution of the polymorphonuclear leucocyte'^. Sometimes there 
may be recurring attacks of pyrexia, and there is enlargement of the abdominal 
glands only. In such cases the disease may be possibly mistaken for kala-azar. 
Generally speaking, only a moderate enlargement of the spleen with marked 
enlargement of the lymphatic glands is a characteristic feature of the disease. 
Presence of Leishmama should establish the diagnosis. 

Multilobular cirrhosis of the liver may be mistaken for kala-azar cirrhosis. 
In both there is ascites, hardening of the liver, and there may be leucopenia. 
Generally speaking, there is no history of fever in multilobular cirrhosis. 
The enlargement of the spleen is much greater in kala-azar. In doubtful 
cases spleen puncture should be performed with very great care. 

Subacute ulcerative endocarditis with fever and enlargement of the spleen 
is diagnosed from kala-azar by the presence of cardiac signs and symptoms, 
and absence of leucopenia. Leucocytosis and optic neuritis, if present, are 
much against a diagnosis of kala-azar. Cases in which there is absence of 
cardiac symptoms and signs may present difficulty in diagnosis. In all 
suspected cases a blood-culture should be made for infecting micro-organisms 
of ulcerative endocarditis on the one hand and for flagellates on the other. 
Positive results will help in the diagnosis. Negative results are not so 
diagnostic, especially in the case of ulcerative endocarditis. 

Leukcemias are easily differentiated from kala-azar by the presence of high 
leucocytosis. 



TABLES OF DIFFERENTIAL DIAGNOSIS. 

TABLE I.— Kala-azar and Malaria. 


(a) 

Blood examination 


< 5 > . 

Spleen and liver 
puncture 


Kala ■ azar in Characteristic L.-D. bodies, if Rapid marked Frequently en- 


early stages 


Acute malarial 
fever 


double rise of 
temperature, gen- 
erally remittent, 
sometimes inter- 
mittent with sin- 
gle or double 
intermission dur- 
ing 24 hours. 
Long -continued 
double rises dur- 
ing 24 hours 
are suggestive of 
kala-azar. Ri- 
gors not so 
common 


found in the 
peripheralblood, 
diagnostic. A 
progressive leu- 
copenia more 
marked than in 
malaria. Ratio 
of W.B.C. to 
R.B.C. may be 
I to 1,500, or 
less. Culture 
of peripheral 
blood on NNN 
medium shows 
leishmania. Re- 
lative increase 
of lymphocytes 
or rarely large 
mononuclears 


enlargeme n t 
of the spleen 


L.-D. bodies fre- 
quently found 
in the smear 
from spleen 
puncture, may 
be found in 
the smear from 
liver puncture 


Characteristic One 


curve of one or 
other varieties of 
malarial fever. 
In double tertian 
or malignant ter- 
tian infection, 
fever ^ may be 
quotidian. In 
multiple or malig- 
nant tertian in- 
fection, it may 
be remittent. In 
the case of the 
latter, double 
rises of tempera- 
ture, if present, 
are not long 
continued. The 
tendency to sud- 
den high rises 
of temperature is 
specially to be ex- 
pected in malaria. 
Rigors more 
common 


forms of mala- 
rial parasites 
present, if blood 
is examine d be- 
fore quinine has 
been adminis- 
tered or after 
quinine has 
been stopped. 
Ratio of W.B.C. 
to R.B.C. more 
than I to 1,000. 
Rarely, it may 
be less. Pig- 
mented leuco- 
cytes present 


other Spleen less Not much en- 


quickly en- 
larged than 
in kala-azar 


larged early 
in the disease, 
though hepa- 
tic tenderness 
is not infre- 
quent 


Malarial para- 
sites present in 
the smears 


Kala-azar in 
early stages 


Acute mala- 
rial fever 


( 6 ) 

Jaundice 


Slight icte- 
roid tint is 
notuncom- 


(7) 

Appetite 


Good in 
many cases 


Generally 

bad 


( 8 ) 

Early oedema 


May some- 
times be ! 
present 

Not present 


(9) 

Quinine test 


Quinine stops the 
fever generally 
after oral ad- 
minis tr at i o n. 
Rarely quinine 
may have to be 
given intramus- 
cularly or intra- 
venously before 
fever stops 


(xo) 

Globulin test 


Frequently 

positive 

Almost 

always 

negative 


(ii) 

Aldehyde test 


May be 
positive 


Almost 

always 

negative 
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In addition to many of the diseases mentioned above, infantile kala-azar has 
to be differentiated from diseases of children associated with enlargement of the 
spleen. One of these is infantile cirrhosis of the liver. Its features are enlarge- 
ment of the spleen and liver, irregular rises of temperature, especially in the 
early morning, early appearance of ascites and marked jaundice, leucocytosis 
and absence of Leishmaina in the spleen. On the other hand, a case in a 
child with slight ascites and enlarged spleen and liver, with a history of pio- 
longed fever without much change in the leucocyte count, may be mistaken 
either for kala-azar or infantile cirrhosis of the liver. 


TABLE ir.— Kala-azar and Typhoid Fever. 



(i) 

Fever 

(2) 

Blood examination 

(3) 

Spleen 

( 4 ) 

Liver 

(s) 

Lungs 

Kala - azar in 
early stages 

See Table I. 

See Table I. 
Widal reaction 
negative 

See Table I. 

See Table I. 

Bronchitis gene- 
rally absent 

Typhoid fever 

Step - ladder - like 
rise of tempera- 
ture and a char- 
acteristic course. 
Rogers lays 
stress upon high 
continued fever 
specially in the 
second week. He 
regards this as 
diagnostic of this 
disease. Rigors 
not common 

Widal reaction — 
positive after 10 
days’ illness. 
Leucopenia not 
so marked, ex- 
cept in some 
cases towards 1 
late convales- 
cence. Blood- 
culture may 
show typhoid 
bacillus even 
after 2 or 3 
days’ illness 

Enlaiged but 
not so rapidly 
marked en- 
largement 

Only slight en- 
large m e n t 
may be pre- 
sent 

Bronchitis fre- 
quently pre- 
sent. Also 
broncho -pneu- 
monia may be 
present 



( 6 ) 

Early cedema 

(7) 

Constitutional 
and general 
symptoms 

( 8 ) 

Abdominal symptoms 

(9) 

Dia 70 

reaction 

(10) 

Pulse 

(ij) 

Aldehyde test 
and 

globulin test 

Kala-azar in 
eaily stages 

See Table I. 

Generally noi 
present in 
ihe ordin- 
ary type of 
the disease 

Generally not 
marked in the or- 
dinary type of the 
disease. Hsemo- 
irhage from the 
bowels rarely pre- 
sent. Tongue 
generally cltan 

Absent 

Frequently 
quick from 
the very 
beginning 
and maybe 
out of pro- 
portion to 
the temper- 
ature 

See Table I. 

Typhoid fever 

Not present 
, unless com- 
plicated by 
nephritis 

i 1 

i 1 

Generallypre- 
sent in the 
ord inary 
moderately 
severe cases 

Fairly marked in 
the ordinary cases. 
Haemorrhage from 
the bowels more 
common. Tongue 
dry and cracked 
in severe cases. 
Sometimes coated 
or furred in the 
centre with red tip 
and edges 

Frequently 

present 

Slow in com- 
parisonwith 
the temper- 
ature, fre- 
quently di- 
crotic. At- 
ropine test 
(M arris) 
positive, 
specially in 
the second 
week 

Almost 

always 

negative 
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TABLE III. — Kala-azar and Paratyphoid Fever. 



Fever 

Blood examination 

Spleen 

Early oedema 

Pulse 

Aldehyde test 
and 

globulin test 

Kala-azar in 
early stages 

See Table I. 

See Table I. 

Widal reaction 
for paratyphoid 
bacillus (A or B) 
negative 

See Table I. 

See Table I 

See Table 11. 

See Table I. 

Paratyphoid 

fever 

Course of 
the fever 
generally a 
fortnight 

Widal reaction 
for paratyphoid 
bacillus (A or B) 
positive after 
the fever has 
lasted for todays 
or more. No 
marked leuco- 
penia. Blood- 
culture may 
show the growth 
of paratyphoid 
bacillus (A or B) 

Enlarged but 
not so rapid 
enlargement 

Not present 

May be slow 
in compari- 
son with the 
temperature. 
Atropine test 
(Marris) posi- 
tive, specially 
in the second 
week 

Almost 
' always 
negative 


Rickets in children may sometimes be associated with much enlargement 
of the spleen and the liver and, in the absence of definite signs of the disease, 
might be mistaken for kala-azar. Generally speaking, the characteristic 
changes of the bones in the disease, leucocytosis, and absence of disproportion 
between the polymorphonuclears and lymphocytes, are of diagnostic value. 

Splenomegahc cirrhosis of the liver occurs in children or young people. 
It is characterized by marked enlargement of the spleen, slight enlargement 
of the liver, aiicemia without leucocytosis, haematemesis, jaundice, clubbing 
of the fingers, and stunted growth. A careful study of the symptoms will 
help in differentiation of the two diseases. 

Infantile splenomegaly without Leishmania, as observed by Nicolle and 
others, occurs in Mediterranean countries and in the Sudan. It is characterized 
by pyrexia and enlargement of the spleen and the liver, and the absence 
of parasites. 

Hanots cirrhosis (also called hypertrophic biliary cirrhosis) may be 
mistaken for kala-azai*. It occurs frequently in children and lasts for several 
years. It is characterized by enlargement of the spleen and the liver, sudden 
rises in temperature, attacks of pain in the hepatic region, stunted growth, 
clubbing of the fingers, the late appearance of ascites and a tendency to 
hcemorrhage. The history of marked jaundice for years, without any marked 
illness, and presence of leucocytosis and absence of Leishmanial are indications 
that the disease is not leishmaniasis. 

Congenital syphilis may be associated with enlargement of the spleen. 
The absence of Leishmania, the family history, the consideration of other 
symptoms and the Wassermann reaction, will differentiate the disease from 
leishmaniasis. 
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Infantile psendoleiikceima (von Jaksch’s disease) may present difficulty in 
diagnosis in an endemic area of kala-azar. It affects children under two 
years of age. The symptoms are haemorrhage from the mucous membranes, 
periodic attacks of fever, enlargement of the spleen and the liver, and ascites. 
The blood-picture shows marked anaemia with low colour index, generally a 


TABLE IV.-Kala-azar and General Tuberculosis. 



Fever 

(2> . 

Blood examination 

_(3) 

Spleen 

r(4) 

Lungs 

Constitutional 

symptoms 

Kala-azar in 
early stages 

See Table I . 

See Table I. 

See Table 1 . 

Bronchitis gener- 
ally absent 

See Table 11. 

Acute general 
tuberculosis 

Irregular fever. 
There may 
be an inverse 
type of tem- 
perature 

There may be 
leucocytosL, 
though leuco- 
penia is more 
common, rarely 
tubercle bacilli 
may be culti- 
vated from the 
blood 

] May be enlarged, 
but is neither so 
early nor so 
markedly en- 
larged as in 
kala-azar. In 
children some- 
times mny be 
much enlarged 

There may be dif- 
fuse bronchitis. 
Respiration in- 
creased in fre- 
quency, specially 
in the early stage 
There may be 
signs of broncho- 
pneumonia. Cy- 
anosis may be 
present. Sputum 
may show tubercle 
bacilli 

Torpor and dull- 
ness gradually 
deepening 
into coma. 
There may 
be active de- 
lirium 



T>- • 

Diazo reaction 
and 

tuberculin test 

(7) 

Lumbar puncture 

(8) 

Tongue 

(9) 

Jaundice 

(to) 

Ophthalmoscopic 

examination 

(it) 

Aldehyde test 
and 

globulin test 

Kala-azar in 
early stages 

Absent 

Negative 

Generally 
not dry 

Rarely present 

Nolhing 

abnormal 

See Table I. 

Acute gene- 
ral tubei- 
culosis 

May be 
positive 

There may be 
tubercle bacilli 

More com- 
monly diy 

May be present 

Choroidal tu- 
bercles pre- 
sent 

Absent 


TABLE V. — Kala-azar and Bacillus coK Infection. 



Fever 

Blood examination 

1 Early oedema 

Spleen and liver 

Urine 

Kala-azar in 
early stages 

See Table I. 

See Table I. 

May be present 

Generally en- 
larged 

Nothing peculiar 

Bacillus coli 
infection 

Irregular tempera- 
ture curve. Fre- 
quent severe ri- 
gors with rapid 
high rise of tem- 
perature, some- 
times more than 
once in 24 hours. 
Sometimes the 
temperature re- 
sembles that of 
typhoid 

Well-marked 

leucocytosis 

Absent 

1 

Not enlarged 

Acid, frequently 

opalescent. Motile 
rod-shaped bac- 
teria present in the 
urine. Culture 
shows pure growth 
of Bacillus coli. 
May contain pus. 
Symptoms refer- 
able to the urinary 
system generally 
present in long- 
standing cases 



TABLE VI. — Kala-azar and Chronic Malaria. 



(0 

Fever 

(a) 

Blood examination 

(3) 

Spleen 

(4) 

Liver 

Spleen and liver 
puncture 

Kala-azar in 
its chronic 
stage 

May be low con- 
tinued or inter- 
mittent rising 
to 99° or 100°. 
There may still 
be tendency to- 
wards double 
rise. Rigors — 
rare 

L.-D. bodies if 
found are diag- 
nostic. A pro- 
gressive leiicope- 
nia. Leucocyte 
count frequently 
about 2,500, may 
be 800. Ratio 
of W.B.C. to 
R.B.C. may be 
I to 1 , 500, or even 
less. Culture of 
peripheral blood 
shows leishma- 
nia. Increase of 
lymphocytes 
more common 

Genei*ally much 
enlarged. A 
moderately 
enlarged 
spleen with 
nedema which 
cannot be ac- 
counted for 
by any heart 
or kidney di- 
sease is sus- 
picious of 
kala-azar 

Enlarged and 
sometimes much 
enlarged. Cirr- 
hosis of the 
liver with its 
attendant sym- 
ptoms may be 
present in some 
cases. It is 
generally firm 
and hard. En- 
largement of 
the liver is more 
marked in kala- 
azar than in 
malaria 

L.-D.bodies fre- 
quently found 
on spleen 
puncture. 
They may also 
be found on 
liver puncture 

Chronic 

malaria 

Characteristic 
curve of one or 
other varieties 
of malarial fever. 
In some cases 
the temperature 
may be low for 
days not going 
above 99*5 
There is, how- 
ever, a tendency 
towards sudden 
high rises of 
temperature 
even in these 
cases from time 
to time. In 
some cases the 
fever may be of 
an irregular type 
Rigors — more 
common 

One or other forms 
of malarial para- 
sites present, 
if blood is exam- 
ined before qui- 
nine^ has been 
administered or 
after quinine has 
been stopped. 
Generally speak- 
ing, the ratio 0 f 
W.B.C. to R.B.C. 
is greater than 

I to 1,000; some- 
times though it 
may be less. Leu- 
copenia generally 
not so marked as 
in kala-azar. Pig- 
mented leuco- 
cytes present. 
Increase of large 
mononuclears 
more common 

Spleen may be 
much enlarged 

Liver may be 
enlarged, but 
generally there 
is no cirrhosis 

1 of the liver in 
malaria 

Malarial para- 
sites may be 
found 


( 6 ) 

Appetite 

(7) 

Quinine test 

( 8 ) 

Skin and general 
appearance 

( 9 ) 

Urine 

(10) 

Aldehyde test and 
globulm tests 

Kala-azar in 
its chronic 
stage 

Good in many 
cases 

No effect 

Peculiar, shining 
stretched ap- 
pearance of 
skin. Wasting 
— marked 

Slight albu- 
minuria with 
u robilinuria 
is diagnostic 
(Knowles) 

Frequently 

positive 

Chronic 

malaria 

Generally marked 
loss of appetite 

Quinine generally 
stops fever after 
oral administra- 
tion for a suffi- 
cient length of 
time. Rarely, 
quinine may have 
to be given intra- 
muscularly or in- 
travenously be- 
fore fever stops 

Peculiar pale yel- 
low tinge in 
skin. Wasting 
less marked. 
Marked ansemia 
without much 
wasting is sug- 
gestive of ma- 
laria 

Albuminuria 
not common 

Frequently 

negative 
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TABLE VII.— Kaia-azar and Malta Fever. 



Fever 

Blood 

examination 

Spleen and 
liver 

Joint symptoms 

Serum test 

Culture from 
blood and 
urine 

Kala-azar in 
its chronic 
stage 

See Table VI 

See Table VI 

See Table VI 

Not present 

Serum does not 
agglu tinate 
emulsion of 
M. mehtensis 
in proper di- 
lution 

No growth 
of M, me- 
litmsis 

Malta fever 

There are 
waves of in- 
termission 
and of more 
or less py- 
rexia of vari- 
able length 

There may 
be s 1 i g h t 

1 e u c 0 c y- 
tosis 

May be en- 
larged but 
gene rally 
not so 
much as in 
kala-azar 

An acute or 
subacute ef- 
fusion may 
take place 
suddenly into 
one or more 
joints, with- 
out any appa- 
rent reason 

Serum agglu- 
tinates emul- 
sion of M. 
melitensts in 
proper dilu- 
tion 

Growth of 
M, meli- 
t e n s t s 
from blood 
and uxine 


TABLE VIII.— Infantile Kala-azar and Infantile Biliary Cirrhosis. 



Fever 

Blood 

examination 

Spleen and liver 

Spleen and 
liver puncture 

Jaundict 

Aldehyde test 
and globulin 
tests 

Elala-azar in 
its chronic 
stage 

See Table VI 

See Table VI 

Generally spleen is 
enlarged out of 
proportion to en- 
largement of liver. 
Liver not so hard 
and enlarged in 
the beginning as 
in infantile biliary 
cirrhosis 

See Table VI 

Rare 

Positive 

I n fan ti 1 e 
biliary cir- 
rhosis 

Low fever 
gene rally 
rising to- 
wards early 
morning 

Leucocytosis 

frequently 

marked 

Liver enlarged out 
of proportion to 
enlargement of the 
spleen, which may 
not be enlarged in 
some cases. Liver 
enlarged, hard and 
irregular from the 
beginning and as- 
cites may be early ; 
it is frequently 
marked in ad. 
vanced cases 

Negative 

Very marked 
and early 

I 

Negative 


leucocytosis, especially lymphocytosis, nucleated red cells, megaloblasts and 
cells containing intensely polychromatophilic cytoplasm. 

S/i7Z’s disease is a disease of children, associated with general destructive 
affections of the joints, enlargement of the spleen and lymphatic glands, 
emaciation, anaemia, and a tendency to pigmentation. The disease in its 
developed stage is unmistakable, owing to the condition of the joints. 

Gaucher's type of splenomegaly is a familial disease which starts early 
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Diagnosis and Differential Diagnosis 

in life and runs a chronic course. It is characterized by enlargement of the 
spleen followed by that of the liver, but there is no jaundice, ascites or 
discoloration of the skin. When anaemia and leucopenia are marked, it may 
be mistaken for kala-azar. The more chronic course of the disease and the 
absence of Leishmania should confirm the diagnosis. 

Pseiuio-kala-azars, as defined by Castellani, are febrile or afebrile diseases 
which resemble kala-azar, in that they are associated with splenomegaly, 
anaemia and often emaciation."' They are differentiated from kala-azar by 
absence of Leishmania. Rogers holds that malaria and kala-azar account for 
all the common cases of splenomegaly in Bengal. The author has met with 
a large number of cases of splenomegaly without Leishmania or malarial 
parasites. The question arises as to whether some of these are sequelae of 
kala-azar in which Leishmania have disappeared from the spleen or exist in 
some undiscovered phase. The possible existence of another undiscovered 
causal micro-organism is also unproven. 

Cases of obscure ancemia with oedema, without enlargement of the spleen, 
in an endemic area, should have their blood properly examined, as such cases 
are sometimes due to kala-azar. 

The various causes of enlargement of the spleen are quoted below from 
French's Index of Differential Diagnosis : — 

** I. Chronic enlargement of the spleen. 

{a) Very Great Enlargement. — Spleno-medullary leukaemia, lymphatic 
leukaemia, mixed leukaemia, chronic malaria, kala-azar, splenomegalic 
polycythaemia, splenomegalic cirrhosis, splenic anaemia, pseudo-leukaemia 
infantum, Gaucher's disease. Still's disease, familial acholuric jaundice, 
Egyptian splenomegaly. 

'' (6) Moderate Enlargement. — All conditions mentioned in group (a) will at 
some stage exhibit a spleen that has not yet become enormous ; and besides 
these, chronic and moderate enlargement of the spleen may be exhibited 
in cases of pernicious anaemia, rickets, congenital syphilis, Hodgkin's 
disease, cirrhosis of the liver, lardaceous disease, thrombosis of the portal 
vein, pressure on the portal vein by enlarged lymphatic glands or by 
adjacent tumour of the gall-bladder, liver, pancreas, stomach, &c. 

'' II. Acute enlargement of the spleen, the enlargement as a rule being slight. 

{a) Acute infective fevers. — Specially typhoid fever, paratyphoid fever, 
relapsing fever, typhus fever, malaria, Malta fever, erysipelas, septicaemia. 
Less often in pneumonia, diphtheria, scarlet fever, small-pox, rheumatic fever, 
influenza, general tuberculosis. 

'' (6) Embolism, specially in cases of fungating endocarditis. 

Injury. 

\d) Strangulation by twisting of the pedicle." 

To the above list of acute enlai’gements, kala-azar has to be included. 

It will be noted that no mention is made of abscess, gumma, or tumours 
of the spleen, as they are very rare, nor has mention been made of 
causes of backward pressure, such as chronic valvular heart diseases with 
failing cempensation. The latter rarely produce splenic enlargement, except 
in children. 
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CHAPTER XIII. 

PATHOLOGY. 

Shortt has observed that in expeiimentally infected monkeys there some- 
times occurs an acute and fatal type of the disease. Generally the disease is 
chronic in these animals. 

The liver is slightly enlarged and fatt}', and parasites are present in the 
endothelium of the finest capillaries, blood sinuses, and also in the Kupffer 
cells. The spleen is considerably enlarged, the Malpighian corpuscles are 
prominent, there is hyperplasia of the endothelial cells, and their distension 
by the parasites may sometimes be so great as to appear to occlude the lumen 
of the sinuses. 

Parasites are also present in the spleen inside large macrophages, poly- 
morphonuclear and occasionally eosinophile leucocytes. The bone-marrow 
is dark in colour, because the yellow marrow is replaced by red marrow. 
The parasites are found in the same cells as in the spleen and. liver. 
The bone-marrow contains the largest number of parasites. There is a 
preponderance of giant cells in this tissue. In the testes, parasites were found 
by Shortt in largest numbers in the interstitial cells of Leydig, but they were 
not found in the endothelium of large vessels. In the lungs and kidneys 
parasites have been found in the endothelial cells. 

In experimentally infected mice the spleen is always enlarged, and parasites 
are found in the spleen, liver, bone-marrow, and the testes. In experimentally 
infected dogs, the splenic enlargement is not so marked as in monkeys. The 
parasites have been found in the spleen, bone-marrow, liver, lungs, mesenteric 
glands and kidneys. 

Meleney has studied the changes present in artificially infected hamsters. 
In these a specific tissue reaction occurs in the form of endothelial pro- 
liferation, forming masses of “ clasmatocytes ” heavily parasitized. In definite 
patches of clasmatocyte tissue, the most striking thing is the slight degree to 
which the cells are parasitised. Most of them contain a few or moderate 
number of parasites, but some cells, particularly in the centres of the cell 
masses, contain none. At the periphery some may be crowded with parasites. 
Wherever fat appears, single clasmatocytes, heavily parasitized, are scattered 
through it. The chief organs affected are the liver, spleen, lymph nodes and 
bone-marrow. He' considers that in advanced infections the parasites also 
attack the parenchymatous cells of the liver and adrenal cortex, extensive 
degeneration of the liver occurs, and infected “clasmatocytes” appear in 
practically every organ and tissue, the stroma of the intestinal mucosa being 



Pathology 


99 


the site of massive accumulation of those cells. The most favourable sites 
for the localization of the parasitized clasmatocytes are the regions where 
loose areolar tissue is associated with good vascularity. 

In one case Wenyon found flagellate forms in the spleen of a dog infected 
with leishmania from a case of Indian kala-azar. There is no evidence that 
the leishmania exist in flagellate forms in the infected host, with this single 
exception. In another case, Maitra found, in a film made from the peripheral 
blood of a case clinically diagnosed as one of kala-azar, flagellates of the 
leptomonas type. The slide containing the flagellates was subsequently 
shown to the author. As the flagellates were found in only one of the films 



Fig. 22 — Fatty liver in kala-azar. (Original.) 


made at one and the same time, the possibility of the film having been 
contaminated cannot be excluded. 

The process of infection in kala-azar probably takes place in the following 
way (Christophers) : The pathogenic micro-organisms are taken up by or 
invade the endothelial cells in the visceral or other capillaries, e.g., of granula- 
tion tissue. The endothelial cells (macrophages) increase in size and become 
more and more distended, due to the proliferation of the parasites within their 
cytoplasm, and subsequently become converted into mere bags filled with 
large numbers of the parasites. Eventually such cells rupture and the 
parasites are set free, to be taken up again by other endothelial cells, poly- 
morphonuclear or mononuclear leucocytes, and carried to the peripheral 
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circulation. It was Christophers who first showed that the disease appeared 
to be essentially an infection of the vascular endothelium and lesembled 
chronic septicemia. The author holds that probably it is principally of the 
nature of an infection of the reticuio*endothehal system distiibuted in the 
different parts of the body, and especially of tbe spleen, liver and bone- 
marrow. The enlarged parasite-laden cells found in these organs in kala-azar 
mostly correspond to those of the reticulo-endothehal system which swell up 
and enlarge in size by stimulus of the presence of dye-stuffs in the process of 
vital staining. The clasmatocytes probably belong to the reticulo-endothelial 
system. It may be stated that apart from what has been considered to be 
a specific tissue reaction in the form of appearance of the clasmatocyte tissue, 
one agrees with Shortt “that Christophers’ original description, in 1904, of the 
morbid histology of the disease in man has left little for succeeding workers 
to describe or amend.’’ In this connection it may be noted Shortt considers 
that so close is the connection between the endothelium of capillaries, sti oma 
cells, and macrophages, that one cannot help considering the probability that 
the original stroma cells produce either of the other two types, given the 
appropriate stimulus. 

SA«i.— Christophers found the parasites in the endothelial lining of very 
fine cutaneous capillaries in the papular eruptions of the skin in advanced 
cases, about the thighs, Scarpa’s triangle and the sciotum. He also found 
them in ulcers and in minute nodules of the skin. On section, the nodules 
showed signs of inflammation, widening of the vessels and small round-celled 
infiltration. Recently the author has found a large number of Leishtiuima in 
the skin in cases of Dermal Leishmanoid, a disease which sometimes develops 
in cases of kala-azar which have been cured by antimony (see Dermal 
Leishmanoid). According to Laveran, no cutaneous ulceration with Leishmania 
has been found in infantile kala-azar. These may, however, occasionally be 
present in ulcers of the skin in infantile kala-azar. These cutaneous ulcers in 
infantile kala-azar, in the first stage of their development, appear as a number 
of irritating papules. Later on they change into painless nodules, in the centre 
of which is a small opening whence a fluid flows. The fluid dries into a 
crust. A number of nodules sometimes form a group, from which first a 
blister and then an ulcer develops. This has smooth edges and a granular 
surface. On making a section the position of the ulcer, near to the sweat 
glands and hair follicles, is revealed. In the superficial layers an infiltration 
consisting of cells resembling plasma cells is to be seen. In addition to 
these, other cells with granular protoplasm are present. Signs of capillaritis 
obliterans may be seen in various positions. (For other peripheral lesions see 
Addendum.) 

Fat Tissue. — In infected hamsters, wherever fat appears, single clasma- 
tocytes, heavily parasitized, are scattered through it (Meleney). 

Lymphatic Glands. — Leishmania were found by Christophers in lymphatic 
glands, especially in ulcers over the skin near to them. Cochran found them 
in smears from excised lymphatic glands. 

The mesenteric glands are swollen and soft. Jemma and di Cristina 
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state that the sinuses may be widened, the endothelium may be peeled off 
and may contain Leishmaiiia. The fibres of the reticulum are thickened. 
The endothelial cells may atrophy and there maybe signs of necrosis (Dionisi). 
There may be preponderance of parasite-laden cells in the follicular spaces. 

Lymph Nodes . — Parasites may be found in the loose reticulum, and the 
degree of parasitization of any one group of clasmatocyte cells seems to be 
in inverse proportion to the number of cells in the group. 

Intestine . — During the course of the disease catarrhal changes and some- 
times ulcers are found in the lower part of the ileum. These are of different 
sizes, their border is irregular and they have a reddish-grey base. Inflammation 
of the intestinal mucous membrane frequently occurs, and if it is of long 
duration it may lead to attenuation of the intestine throughout its length. 
Microscopic examination shows that the ulcer slowly destroys the superficial 
layers of the mucous membrane, penetrates deeply and may reach the 
muscular coat. Granulation is seen in the surrounding tissue. 

Mackie has found bodies Leishmania in the smears of the stools 

of patients suffering from Indian kala-azar, in whom dysenteric symptoms had 
been induced by the administration of croton oil. Leishmaiiia have also 
been found in the endothelial cells of fine capillaries in ulcers of the large 
intestine. Intestinal ulcers are more common in Indian kala-azar, in which 
multiple ulceration may be found in the large intestines which may extend 
deeply into the muscular coat. Christophers found Leishmania as intracellular 
parasites in the endothelial cells lining the blood-vessels m the granulation 
tissue of these ulcers. They may also be found inside the macrophages. 

Jemma and di Cristina, in their observation of cases of infantile kala-azar, 
noted the constant occurrence of enterocolitis, and the presence of circular 
ulcers with elevated edges in the large intestine. 

Perry has observed that the jejunum may appear slightly thickened, with- 
out any ulceration. Microscopically the following histological changes were 
noted by him : — 

“ Each villus was transformed into a swollen, distorted and polypoid 
body, connected with the submucous tissue by a constricted stalk, formed 
of a few fibres of connective tissue. The columnar epithelium covering the 
villi had disappeared and the basement membrane furnished a delicate 
limiting sheath for each little swelling. The internal structure of the villi 
was completely altered, owing to an intense proliferation of the endothelial 
cells lining the lymph channels. This proliferation of endothelium, although 
marked in the base of the villi, became more pronounced towards the centre 
and extremities of these structures, and the enlargement and distortion were 
caused by these tightly-packed accumulations of hypertrophied cells. 

“ In the greater number of villi the basement membrane was intact, but in 
many instances it had ruptured from over-distension and liberated the enclosed 
endothelial cells. 

The distribution of Leishman-Donovan bodies in the intestine was very 
striking. They could be demonstrated in scanty numbers in the submucous 
coat ; iii that position they occurred in endothelial cells evidently derived 
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from vascular endothelium. They were present in larger numbers, in the 
same intracellular situation, in the base of the villi. In the centre of the 
villi they had undergone rapid multiplication, and they were present in 
enormous numbers in the endothelial cells, distending the extremities of these 
structures. In many of the villi numbers of endothelial cells had broken 
down, and the parasites were lying free in the villus mixed with the debris 
of necrotic cells.'’ Perry emphasizes the possibility of the escape of viable 
parasites by the intestines. 

In the hamster, Meleney found similar changes in the gastro-intestinal 
tract, the submucosa being invaded by parasitized macrophages, especially 
near to Peyer’s glands and solitary lymphatic nodules, the epithelium being 
intact. Similarly in man, he found that where lymph follicles occurred, 
parasitized clasmatocytes were numerous in the neighbouring submucosa, the 
ileum, caecum and colon being less infected than the stomach and jejunum. 

Banerjee has found the parasite in the ulcers of the stomach of a case of 
kala-azar. 

Dionisi found Leishmania in the follicles of the intestines in cases of 
infantile kala-azar. In one case of infantile kala-azar Critien found Leishmania 
in the stools. 

Pancreas. — There are no visible changes in the pancreas. Pianese found 
that the islets of Langerhans underwent hypertrophy and hyperplasia, and 
also discovered Leishmania in the large mononuclear leucocytes. 

Lungs. — Leishmania are found in the large mononucle*ir and polymor- 
phonuclear leucocytes. Parasitizing cells of the vascular endothelium 
and clasmatocytes may be present. 

Mammary Glands . — The mammary glands are atrophied in a large number 
of cases (Dionisi). 

Tesies. — Leishmania may be found in the capillaries. As already stated, in 
experimental animals, Shortt found them inside the cells of Leydig. Meleney 
found them inside clasmatocytes in man. 

Kidneys. — The kidneys sometimes show no changes. There may be 
congestion, haemorrhages or signs of nephritis in the kidneys. Parasites have 
been found in the renal vessels, glomerular capillaries, and recently Shortt 
has cultured the parasites from the urine of persons suffering from Indian 
kala-azar. According to Archibald, the parasites have never been found in 
the cells of the secreting tubules. They have been found inside cells of the 
reticulo-endothelial system in experimental animals. 

Adrenal Glands. — Leishmania may be present in the endothelium of the 
vessels in the cortex and medulla, Jemma and di Cristina found a glandular 
cell of the cortex invaded by Leishmania, In experimental animals, the 
parenchyma of the cortex may be infected. 

Heart and Blood-vessels. — In the large veins parasites have been found 
inside endothelial cells. In the heart they have been found inside poly- 
morphonuclear leucocytes. In small and medium-sized vessels, fatty 
degeneration of the intima is found. Many investigators have found the 
parasites in the peripheral blood. In 1909 Donovan stated that in 92 to 93 
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per cent, of his cases he found the parasites both in mononuclear and poly- 
nuclear white blood-corpuscles. Patton found the parasites in the peripheral 
blood of thirty-eight out of forty-five cases which he treated in the General 
Hospital at Madras. In the Sudan, Thomson and Marshall found them in 
thirteen out of fifteen cases, and Cannata, Rutelli and Vaglio found them in 
93 to 95 per cent, of their cases in Italy. The Leishmania are seen in 
the large mononuclear cells, which Patton and Christophers consider to be 
endothelial cells which have broken loose. In addition they are also found 
inside polymorphonuclear leucocytes. Knowles examined a series of 73 cases, 
and on 33 occasions he found parasites in the blood, i.e , 45 per cent., 
while 10 per cent, only of 682 films, made from the blood of these cases, gave 
a positive result. He considers that if the blood films are properly made then 
the findings may be more frequently positive. Examination of thicker film 
smears gave much better results in his hands. 

Some experiments in which suprarenin (adrenaline) injections were given 
in order to bring the parasites more into the peripheral ciiculation, were not 
successful (Mazzoni). Knowles, however, stated that he obtained positive 
results more frequently when the patient had been given a subcutaneous 
injection of one cubic centimetre of i in 1,000 adrenaline solution half-an- 
hour before the blood was examined. By making cultures from the blood 
on N N N media, as described in the Chapter dealing with diagnosis, very 
frequently positive results are obtained, and sometimes even as early as the 
fourth day. 

As regards the number of parasites present in the peripheral blood at 
various stages of the disease, Patton is of opinion that they are present in 
greatest abundance in the last stages of the disease, and in those cases which 
are complicated by dysentery. Others, however, have observed the parasites 
in greatest numbers in the early stages, as well as during the earlier and 
recurrent attacks of dysentery and during fever. Apparently any condition 
which raises the leucocyte count of the peripheral blood (e.g., dysentery 
and broncho-pneumonia) increases the possibility of finding the parasites 
in the peripheral blood. According to Knowles, the parasites are easy to 
find when myelocytes are present. 

For further changes in the blood-picture, see Chapter IX. 

In infected hamsters, heavily infected clasmatocytes are found in the 
interstitial tissue throughout the myocardium and subendocardial tissue of 
the heart. 

The pathology of dermal leishmanoid is described in Chapter IX. 

Nervous System. — Leishmania have been found by Christophers in the poly- 
morphonuclear cells, in petechice from the arachnoid of Indian kala-azar. 
There is no record of Leishmania being present in the cerebro-spinal fluid of 
Indian kala-azar. La Cava found them in the cerebro-spinal fluid of infantile 
kala-azar. 

Muscles . — Visentini found parasites in the muscles, in one case which he 
investigated. 

Spleen , — The spleen is often swollen and sometimes it is enlarged to an 
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enormous degree. In the pathological museum of the Calcutta Medical 
College, there is a specimen of a kala-azar spleen of an adult weighing nearly 
three kilogrammes. The author had a case in the Calcutta Campbell Hospital 
in which the spleen weighed six and a half kilogrammes. 

Its external form does not change very much, although its contours 
become more rounded and the segmentation more marked. The surface 
sometimes appears opaque, because of the perisplenitic changes. Adhesions 
to adjacent organs may occur. In some places the follicles are visible, while 
in others they are not. The venous sinuses are dilated, and haemorrhages 
may occur. In acute cases the capsule of the spleen is generally smooth and 
sti etched, and does not adhere to the adjacent organs. 

The consistency of the splenic parenchyma is variable. In acute cases 
the spleen pulp is soft and bulges out when the capsule is cut. It may rupture 
during exertion or through injury. In chronic cases the firmness of the 
spleen increases, the capsule is thick, and some observers consider that there 
is less danger of its rupturing. The author does not agree with the latter view. 
The spleen presents a solid appearance and keeps its form after having been 
removed. The substance is of a deep red colour and is granular in appearance. 
The trabeculae are prominent. The spleen is firm to the touch, although it is 
friable. Anaemic infarcts may be present. It is stated by some that the 
violet-red colour of the splenic parenchyma is different from the slate colour 
of the malarial spleen. 

Sometimes the Malpighian corpuscles are hypertrophied and sometimes 
they are atrophied and less prominent than normal. The splenic reticulum, 
which IS scarcely apparent in subjects who succumb at an early period of the 
disease, may become thick, especially in the region of the follicular artery, in 
chronic cases. This is, to some extent, the cause of the splenic hypertrophy 
in these chronic cases. The follicular arteries also become thickened, their 
endothelium is swollen and permeated with parasites. Numerous Leishmania 
are also to be found in the enlarged follicular cells. Here and there the 
connective tissue loses its transparency. Uniform areas of connective tissue 
are formed in place of the degenerate follicular elements and cells of the 
reticulum (Dionisi). The sclerotic tissue of the follicles and pulp eventually 
develops from this. 

In infantile kala-azar, di Cristina and Cannata found the capsule 
thickened, numerous endothelial elements swollen, and Malpighian corpuscles 
poor in lymphoid elements. The endothelium of the blood-vessels and 
vascular spaces contained Leishmania, Visentim found the reticulum ex- 
cessively infiltrated with blood, and in some places where the distension 
of the reticulum reached its maximum, especially near to the capsule, there 
were isolated areas of degenerated parenchyma. The follicles were sometimes 
reduced in size, being represented by little heaps of lymphocytes shiivelled 
up round the arterioles. 

Dionisi states that the follicles are either degenerated or atrophied. The 
cellular elements of the reticulum of the follicles are swollen and full of 
parasites. The meshes of the reticulum are thickened. The spleen pulp 




PLATE VI. 


1 


Fig, 1. — Case of subacute kala’'azar. Section of the spleen. 

pulp, (2) Dilatation of the reticulum and the sinuses with angiomatous spaces. 
Ol Slight increase in reticular tissue. (4) Slight fibrosis of the arteries. (Eye-piece No. 1, 

Objective Zeiss D.) 





Pathology ' 105 

de^^eiierates or undergoes necrotic changes. According to him the Leishmania 
are found in largest number in the spleen, especially in the endothelial 
cells of the capillaries. 

The following types of endothelial cells containing the parasites are 
described by Christophers (see also Addendum) : — 

(1) Slightly modified endothelial cells, whose protoplasm sometimes tends 
to become proliferated in the form of buds. 

(2) Round cells with extensive protoplasm and a round or oval nucleus. 
These cells sometimes resemble small mononuclear leucocytes. 

(3) Very large cells lying inside capillaries. They may be extended along 
the capillaries or their cytoplasm may be massed together. 

(4) Extremely large cells. The cytoplasm of many of these cells is 
reduced to a mere pellicle containing a mass of parasites. These cells appear 
to be on the point of rupture. 

Besides these cells the parasites may be found inside the large mononuclear 
and polymorphonuclear leucocytes in the spleen (Plate VI, fig. 2). 

Some of the parasites derived from spleen puncture appear free, while 
others are found inside the large endothelial cells (Plate VI, fig, 2). In 
some cases these endothelial cells break up into small globular masses con- 
taining a number of these parasites. These masses sometimes resemble red 
blood-corpuscles, and may give the impression that the Leishmania are 
contained in i^ed blood-corpuscles. 

According to Nicolle, the large mononuclear cells derived from the 
endothelium of the capillaries contain the parasites exclusively in the spleen. 

In many cases of Indian kala-azar the author has observed the following 
changes in the spleen : — 

The spleen is frequently congested, and in acute cases markedly so. 
In acute and subacute cases the venous sinuses may be so dilated that 
angiomatous spaces are formed. The spleen may be overfilled with blood 
and hsemorrhages may occur in its tissue (Plate VI, fig. i). On section of 
the spleen, a multiplication of the macrophages, loaded with Leishmania^ is 
observed. In chronic cases, aggregates of pigment sometimes may be found 
in the connective tissue of the trabeculae. Pigmentation of the spleen is 
not, however, a constant sign, and may be absent in many cases. There is an 
increase of fibrous tissue, and spaces containing large mononuclear cells full 
of Leishmania are seen (Plate VII, figs, i and 2). Degenerative areas may 
occur in the pulp, resembling what have been described by Thayer and others 
in chronic malaria. Whether these changes are indicative of old malarial 
infection at an earlier period, or due to kala-azar itself, is difficult to state. In 
some cases there is a hyaline degeneration of the small arteries in scattered 
areas. In other cases there is a thickening of the outer coat of the arteries 
with small round-celled infiltration. This thickening may sometimes be very 
extensive, and may be associated with marked formation of fibrous tissue in 
the spleen. The thickened arteries are seen running along these thickened 
fibrous trabeculae. Sometimes the arteries appear to be obliterated. Fibrous 
nodules may sometimes be seen on section of the spleen. These appear, in 
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some cases, to be situated on the sites of the obliterated arteries. Sometimes 
pigmented nodules can be seen here and there in the spleen, generally in the 
place where the atrophied Malpighian corpuscles were present. In some cases 
there is general infiltration of the spleen with melanin. 

Infarcts may be present in the spleen. There may be perisplenitis with 
thickening of the capsule in chronic cases. 

Some of the changes described above are similar to those that have been 
observed in cases of chronic malaria, and may suggest the possibility of a 
previous malarial infection. 

Generally speaking, the consistency of the spleen is hard, even in early 
stages of the disease. In this stage the hardness is due mostly to the organ 
being packed with Leislunania-lzden cells, and there is little or no develop- 
ment of fibrous tissue, and the spleen may regain its normal size under 
proper treatment. 

In chronic cases the hardness is due partly to the presence of leishinania- 
laden cells and partly to fibrous tissue development. In many of these cases 
the former preponderates over the latter, and the organ regains its normal size 
under proper treatment as in early cases. In those cases in which there is 
excessive development of fibrous tissue, the organ does not regain its normal 
size under proper treatment. Such cases are rare, and a very hard spleen 
which clinically gives an impression of excessive development of fibrous tissue 
may be due mostly to the presence of LeishmaniaAdidtn cells, as can be seen 
post mortem. Meleney found in a case in man that the entire tissue was 
composed of a reticulum containing “ clasmatocyte tissue.'' 

The enlargement of the spleen is due partly to the above factors and 
partly to the dilated venous sinuses and congestion of the organ. In those 
cases in which the spleen is soft, the dilated venous sinuses predominate 
over the fibrous tissue formation. In certain cases, the enlargement of the 
organ is partly due to infarcts, which also influence the consistency of 
the spleen. 

In experimental animals, Shortt found the Malpighian corpuscles distinct, 
and there was a hyperplasia of the endothelium affecting the lining cells of 
the capillaries and blood-sinuses. The cells of the endothelial tissue may in 
part be so distended with parasites as to occlude the lumen of the sinuses. 
Large macrophages, containing parasites and probably of the same origin, 
may be seen. 

In the hamsters Meleney found, in chronic infection, huge heavily infected 
clasmatocytes practically occupying the splenic pulp and partly replacing the 
lymph follicles. 

Liver , — ^The liver is often enlarged, although not to the same extent as 
the spleen. It is only in very rare cases that the liver appears more swollen 
than the spleen. Greyish-white spots, indicating the presence of peri- 
hepatitis, may be seen on the surface of the liver. The edges are regular 
and well-defined. The solidity of the organ is somewhat increased. The 
cut surface is reddish-yellow and has the appearance of nutmeg liver 
(Christophers). The lobulation is not recognizable. Microscopic examina- 




PLATE Vir. 

Case of Chronic Kala-azar, 



Fig. l.--^ection through a Malpighian body of the spleen. Fibrosis of the splenic tissue and 
obliteration of the central artery. 
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tion of the liver from advanced cases shows widening of the interlobular 
capillaries, and an increase in the amount of connective tissue present. The 
liver cells appear to be damaged in a varying degree. In addition to 
atrophy and disintegration of the cell nucleus, typical fatty degeneration of a 
whole group of cells is seen here and there. Pigment may be seen in those 
cells which contain parasites. The parasites appear to be in the capillary 
endothelium of the supporting tissue, and to a large extent in the stellate 
Kiipffer cells. They are taken up, presumably, by phagocytosis. Changes in 
the interlobular connective tissue are not always to be found. Knot-like 
aggregations of white blood-corpuscles have been observed round the wall of 
the vessels (Nicolle). Venous or biliary cirrhosis is sometimes found (Gabbi, 
Abate). 

Statham points out that one can see endothelial cells containing Leishmania 
between the columns formed by the hepatic cells. The endothelial cells are 
flattened out inside the blood-vessels. According to Christophers and others, 
the parasites are found in largest numbers in the endothelial cells inside the 
capillaries. According to Ledingham, the parasites are found in wandering 
leucocytes originating from the spleen. 

According to Laveran and Havet the hepatic cells are the favourite position 
of the parasites in the liver, and they are found in much smaller numbers in 
the connective tissue, the plasma cells or the endothelial cells of the capillaries. 
They do not agree with Christophers as to the site of election of Leishmania 
in the liver in human kala-azar. 

The author considers that the Leishman-Donovan bodies are mostly 
present in the Kupffer cells (Plate VII, fig. 3), agreeing with Christophers 
observation. The accidental superimposition of parasites over liver cells or 
the apposition of parasite-laden Kupffer cells to the liver cells may give an 
impression of the parasites occupying the liver cells themselves. 

Christophers points out that the capillaries of the lobules and the liver 
cells in certain zones are atrophied. The parasites are more often found in 
the periphery of the. cells containing them than in their centre. 

Shortt points out from his observations in experimental animals that the 
liver cells proper do not contain parasites. He also found an extreme degiee 
of fatty infiltration and degeneration of the liver cells, and the livei tissue 
resembled the condition seen in phosphorus poisoning and in acute yellow 
atrophy. In infected hamsters there may be occasional parasitization of the 
liver cells (Meleney). 

According to Rogers' statistics the liver was enlarged in 43 per cent, of his 
Assam cases, in 59 per cent, of the early European hospital cases, and in 75 
per cent, of his cases at the Calcutta Medical College. It is usually very firm 
and hard in the more chronic cases. Rogers has described a form of 
intralobular cirrhosis in cases lasting two or more years : — 

It is characterized by an absolutely smooth surface of the organ, but on 
sect, ion the liver is found to be exceedingly tough, and so firm that digital 
pressure has no effect on it. 

Microscopically it shows very diffuse intracellular cirrhosis, in the 

8 
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connective tissue of which shrunken parasites of kala-azar may still be visible 
with a high power. 

'' The liver cells are extremely atrophied, so that but little healthy secreting 
structure remains. In addition, multilobular cirrhosis is met with not very 


Fig. 23 . — (1) Leishman-Donovan bodies inside liver cells ; (2) Leishman- 
Donovan bodies in lymphatic glands , (3) Leishman-Donovan bodies in bone 
marrow {From Statham’s paper m the Journal of the Royal Army Medical 
Corfs.) 

rarely in old cases of kala-azar. At autopsy it is usually found to be associated 
with old dysenteric ulcers." 

In some cases the author has found an extensive fatty degeneration of 
the liver with some pigmentation (fig. 23). Dilatation of the vessels is 
frequently seen and infarcts may be present. 
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Bone-marrow , — The marrow of the long bones becomes pink in colour, 
and in appearance resembles foetal bone-marrow, and is somewhat diffluent. 
It is the elements forming the spongiosa which contain the greatest number 
of parasites (fig. 24). There are no marked changes to be observed 
either in the connective tissue or in the blood-vessels. The tunica media 
of the medium-sized vessels may undergo fatty degeneration (Visentini). 
According to Marchand and Ledingham, the cells of the small marrow veins 
contain no parasites. No deposit of pigment or haemorrhage has been 
observed. Jemma and di Cristina found an increase in the number ot 
lymphoid cells and a growth of the endothelium of the lymph channels and 
blood-vessels. Clasmatocyte tissue"' has been found in the bone-marrow 
of ribs in man. 



Pig 24 — Section of bone-marrow showing the presence of Leishman-Donovan bodies inside 

endothelial cells. 

(From a specimen kindly lent by Dr M. N. De of the Pathological Department of the Calcutta 

Medical College.) 

Leishmania are found in the same cells of the bone-marrow as in the 
spleen. Statham found them in large and small myelocytes. They may 
also be found in the large mononuclear and polymorphonuclear leucocytes. 
According to Christophers they are mostly present inside the macrophages. 

In experimental animals Shortt found them much less numerous in the 
bone-marrow than in either spleen or liver. The endothelial cells were 
greatly hypertrophied in affected areas and were crowded with parasites. 
Large parasite-laden macrophages were seen in intimate connection with the 
endothelium of capillaries and stroma cells. 

The parasites retain their morphological chaiacters longer in the bone- 
marrow than in other tissues after death. 

Hu and Cash have found erosion of the inner table of the skull associated 
with hyperplasia of bone-marrow and extra-medullary deposit of blood on the 
surface of the dura mater in cases of kala-azar in China. 
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CHAPTER XIV. 

TREATMENT. 

The treatment of kala-azar, before the days of antimony, gave very 
indifferent results and need not be discussed here. Various drugs were 
given a trial, but no success was achieved. Refeience may be made to 
the articles by Leishman and Gabbi in the earlier editions of Mense’s 
Tropenkrankheiten, and also to the older works of the present author on 
Kala-azar and its Treatment, and to Laveran’s Leishmanioses. 

The resemblance of the disease to malaria and African trypanosomiasis 
has led from time to time to the use of various treatments that have been 
adopted in these diseases. The various methods of treatment that were 
adopted before the days of antimony in the treatment of kala-azar may be 
summarized as follows : alkaloids, especially quinine in massive doses, 
leucocyte-increasing drugs, alkalies, bone-marrow and spleen extracts, 
vaccines, arsenic, mercury and other metals. X-ray, splenectomy, intravenous 
injection of antiseptics, &c. 

Manson was the first to advise antimony preparations in the treatment of 
the disease. Vianna and Machado, in 1913, first used tartar emetic in the 
treatment of cutaneous leishmaniasis of South America, and obtained remark- 
ably good results, di Cristina and Caronia used tartar emetic in the treatment 
of infantile kala-azar with satisfactory results. Their method of treatment was 
adopted by many workers in Italy, including, among others, Spagnolio, in 
Messina, Longo and Abate, in Catania, Jemma and his colleagues, in Naples. 
At the same time tartar emetic was beginning to be used in India in the 
treatment of kala-azar. As pioneers in this field, in the treatment of Indian 
kala-azar, the following may be mentioned : Rogers, Mackie, Hume, Castellani, 
and the author. 

Rogers claims to have been the first to use it in the treatment of kala-azar. 
Castellani, however, has drawn the author's attention to the Report to the 
Advisory Committee for the Tropical Research Fund, 1914, by Castellani, in 
which his first note on the treatment of kala-azar with tartar emetic was 
published before Cristina, Caronia and Rogers published their results. He 
therefore claims to have been the first to use the drug in kala-azar. Also 
vide Laveran's Leishmanioses. 

Antimony can now be regarded as a specific in the treatment of the 
disease. The discovery of the best preparation has been the subject of 
extensive research, carried out by the present author during the last few years. 

The subject of the chemotherapy of antimony cannot be discussed here 
in detail. The reader is referred to the papers written by the author on the 
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subject of Chemotherapy of Aiitimonial Compounds," published in the 
Indian Jouvnal of Medical Reseaych, The following table gives the relative 
toxicity of some of the antimonial compounds investigated by the author : 


TABLE. 


Toxicity of the Sb content 

I 


Min lethal dose in ^ms. 

10 


10 X Sb content X min. lethal dose 

for guinea-pisrs per kg. 
of body eight. 

0*15 

Quinine antimonyl tartrate ... 

... 



SbaOs dissolved in glycerine ... 


"St 


0*03 

Ammonium antimonyl tartrate 


"it 


0 06 

Strontium antimonyl tartrate 

... 



0’055 

Potassium antimonyl tartrate 




0'055 

Calcium antimonyl tartrate ... 




0'055 

Ethyl antimonyl tartrate 


TT 

... 

0*045 

Narcotine antimonyl tartrate 


tV 


0*085 

Cinchonine antimonyl tartrate 

... 



0*15 

Sb 203 dissolved in tartaric acid 

... 



0*05 

Urea antimonyl tartrate 


■2T 

• • • 

0*055 

Ammonium antimonyl malate 


its 

■ • » 

0*09 

Sodium antimonyl tartrate ... 


tV 


0*055 

Aniline antimonyl tartrate ... 

... 

IT 

mmm 

0*055 

Lithium antimonyl tartrate ... 


rV 


0*04 

Urea stibamine 




0*7 

Stibamine 


shs 

* • ft 

0*5 

Stib-hectine 


ika 


0*6 

Stib-acelin 

... 

'sis 

... 

0*7 

The various antimonial 

preparations that have been 

or 

may be used in 


kala-azar may be conveniently divided under the following heads : — 

(i) Aromatic antimonials; A new compound discovered by the author, and 
formed by the combination of p-amino-phenyl-stibinic acid with urea, urea- 
p-stibanilate, urea stibanilate, ammonium carbamino-stibanilate (named urea 
stibamine by the author) ; acetyl-p-ami no-phenyl stibinate of sodium 
(stibacetin, stibenyl, Allen and Hanbury) ; sodium-p-amino-phenyl-stibinate 
or sodium stibanilate (named stibamine by the author) ; stibamine in com- 
bination with glucose (named glucose-stibamine by the author)^ or stibamine 
glucoside (Burroughs Wellcome and Co.) ; urea stibamine in combination 
with glucose (named glucose-urea-stibamine by the author) ; metachlor-p- 
acetyl-amino-phenyl stibinate of sodium (named chloro-stibacetin by the 
author), or stibosan (von Heyden) ; N-phenyl-glycine-amide-p-stibinate of 
sodium (a new compound described by the author and named sti biglycine- 
amide) ; a compound of unknown composition formed by the combination of 
p-arsanilic acid with an amine, and known as ‘'693 von Heyden. Among 
the new aromatic antimonials prepared in the author's research laboratory 
and which are likely to be of therapeutic value are benzene-sulphonyl-p- 
amino-phenyl-stibinate of sodium (stib-hectine) ; urethane derivative of 
p-amino phenyl-stibinic acid ; carbethoxy-p-amino-phenyl-stibinic acid ; 
carboxy-methylene-oxyphenyl-4-stibinic acid ; allyl-thio-carbamino-p-amino- 
phenyl-stibinic acid. 
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(2) The antimonyl tartrates : (a) Potassium antimonyl tartrate (tartar 
emetic), sodium antimonyl tartrate, sodium potassium antimonyl tartrate, 
hyper-acid antimonyl tartrate, ammonium antimonyl tartrate, lithium anti- 
monyl tartrate, calcium antimonyl tartrate, strontium antimonyl tartrate, 
bismuth antimonyl tartrate, ethyl antimonyl tartrate, quinine antimonyl 
tartrate, cinchonine antimonyl tartrate, narcotine antimonyl tartrate, (b) The 
following new amino-antimonyl tartrates have been prepared in the author's 
research laboratory : Phenocoll antimonyl tartrate, anaesthesin antimonyl 
tartrate, novocaine antimonyl-tartrates, apothesine antimonyl tartrate, ortho- 
form antimonyl tartrate, acriflavine antimonyl tartrate. 

(3) Colloidal sulphide of antimony, colloidal metallic antimony, metallic 
antimony in a state of fine subdivision, antimony oxide dissolved in glycerine. 

(4) Sodium antimony thioglycocollate and antimony thioglycocollamide. 

(5) The antimonial malates. 


Date 


October Moyember 

Mmummi 2 siimm 3 i 1 13 ^.5.6.2 
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Fig. 25 - Temperature chart of a case of kala-azar cured by tartar emetic. 


The antimonyl tartrates should not be considered as antimony salts of 
organic acids, as they are really salts of antimonyl tartaric acid. The penta- 
valent compounds of antimony should not be considered as equivalent to 
therapeutic aromatic antimonials, as they include inorganic salts of antimonic 
acid which have little or no therapeutic value. 

The methods of administration of the antimonial preparations are : (i) 
Intravenous ; (2) Intramuscular ; (3) Inunction ; (4) Oral ; (5) Rectal. 

I. The Intravenous Method is the one most commonly employed, and 
gives the best results. 

{a) The author in 1921 obtained very satisfactory results from the use of 
urea stibamine in the treatment of kala-azar. The compound was discovered 
by him in the course of research under the auspices of the Indian Research 
Fund Association. Full details regarding the use of ui’ea stibamine in 
kala-azar and other aromatic antimonials are given later on. 

(6) The two antimonyl tartrates that have been very commonly used are 
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tartar emetic and sodium antimonyl tartrate. The author has also used 
ammonium antimonyl tartrate. From the table given on page in it will be 
seen that this salt is the least toxic, and that the sodium and potassium 
salts are equally toxic. The dose of each of these salts for an adult is 
2 to 5 c.c. of a 2 per cent, solution given intravenously twice a week. Some 
authors recommend the use of a i per cent, solution, but there is no 
advantage in this, nor is there any advantage in giving the injections at 
shorter intervals than twice a week. A higher concentration than 2 per 
cent, is not to be recommended. 

The following precautions should be observed in carrying out a course 
of treatment with the antimonyl tartrates : — 

If a severe reaction in the form of violent rigors, high fever and persistent 
vomiting or diarrhoea, should occur, the next dose should not be a larger 
one, nor should it be given after a short interval. In such cases the next dose 
should be smaller than the previous one, and given at an interval longer than 
that between the foregoing ones. If there is increase of oedema during the 



Fig 26. — Temperature chart of a case of kala-azar cured by sodium antimonyl tartrate. 


course of treatment, then the dose should be diminished and given at longer 
intervals. 

The treatment should be continued until the fever has been absent for a 
month. The blood-picture must be watched for a considerable time. The 
following factors should determine whether the treatment should be discon- 
tinued: A leucocyte count of 7,500 or more, without any tendency towards 
diminution, a steady gain in weight and improvement in the general condition, 
and in most cases reduction of the size of the spleen to normal. If possible, 
a spleen puncture and peripheral and spleen blood-culture should be made 
for absence of Leishmania. 

Some observers hold that' parasites may be present in the spleen even 
when the patient is clinically cured, and in some of these cases the parasites 
subsequently disappear spontaneously. It is risky, however, to stop the 
treatment if parasites are still present, as the possibility of a relapse remains. 

The spleen is generally reduced to its normal size during thie course of the 
treatment. A spleen that feels very hard, and clinically gives the impression 
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of having undergone fibrous change, may return to normal under antimony 
tieatment. In other cases a slightly enlarged spleen may persist for a long 
time even after the cure has been established, and it returns to its normal size 
slowly. It may thus be concluded that while it is desirable that the spleen 
should be reduced to its normal size when the treatment is completed, it is 
not always necessary to continue the injections until this condition is reached. 
A fibrous spleen may remain enlarged after the patient has recovered. One 
must take all the above facts into consideration in determining whether the 
treatment should be discontinued or not. 

Symptoms of intolerance have sometimes been met with after intravenous 
injections of tartar emetic or sodium antimonyl tartrate. Their solutions 
should not be sterilized in an autoclave, as toxic decomposition products 
maybe thereby produced. It has been recommended to sterilize tartar emetic 
solution in flowing steam, on two or three consecutive days (Castellani and 
Chalmers), or by filtering it through a Chamberland filter. Neither of these 
precautions is necessary if one boils the solution for ten minutes. 

It is desirable always to use a fresh solution. The author has shown 
that old solutions of tartar emetic or sodium antimonyl tartrate are more 
toxic to experimental animals than fresh ones, apart from any bacterial 
contamination. 

Ammonium antimonyl tartrate has been used in the same way as tartar 
emetic, and the results seem to be satisfactory. Reference will be made to 
hyper-acid antimonyl tartrate under the heading of intramuscular injection, 

{^:) The author has used colloidal sulphide of antimony intravenously as 
well as subcutaneously. For an intravenous injection, 20 c.c. of a i in 506 
solution may be given (Rogers). Rogex’s treated ten cases which were cured 
after injection of about 37 cgrm. of this preparation. 

More recent investigations have shown that colloidal antimony sulphide 
does not produce uniformly good results. 

(d) The author has used colloidal metallic antimony, and metallic anti- 
mony in a state of fine subdivision, intravenously with satisfactory results. 

Preparation of colloidal metallic antimony has been described by the 
author in the Lancet, 1916, October 21. 

Colloidal metallic antimony is brownish-red by transmitted light and black 
by reflected light, being in this respect similar to Svedberg's colloid. 

It was at first thought that colloidal metallic antimony prepai-ed by 
the author s method was a very stable substance, but subsequent observations 
showed that it became slowly transformed to SbgOg. 

Dose of colloidal metallic antimony : o'ooi grm. to o’ooz grm. given intra- 
venously, or inti-amusculaidy, on successive days. 

(e) The author has used metallic antimony in a state of fine subdivision 
intravenously. Before the introduction of urea stibamine it was the most 
powerful antimonial preparation in the treatment of kala-azar, according 
to the author. 

The dose of metallic antimony in a state of fine subdivision is J to i gr, 
(o’oi6 to 0*065 grm.) inti'avenously. 
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A special apparatus has been devised by the author for intravenous 
injection of metallic antimony (fig. 27). 

Technique of Intravenous Injection of Metallic Antimony, — The method of 
administration of metallic antimony is the author’s own, and is described as 
follows {Indian Medical Gazette^ December, 1915) : An all-glass lo-c.c. 
syringe is fitted with a three-way stopcock, the remaining two ends of 
which are fitted to a platinum needle and a rubber tubing attached to the 
nozzle of a piece of glass tube respectively. A stout hypodermic needle, 
with a specially constructed blunt cannula inside, should be used preferably 
in place of an ordinary one. This cannula when pushed through 



Fig. 28 —A case of kala-azar before treat- P'ig 29. — A case of kala-azar after treat- 
ment with metallic antimony. ment with metallic antimony. 

(Original.) 

the needle will prevent the puncture of the vein a second time during 
the process of injection of the metallic antimony (see fig. 27). Formerly 
I gr. of metallic antimony was made into [k thoroughly homogeneous 
paste with sterilized liquid glucose, in a glass mortar, and then mixed 
with 20 c.c. normal saline. (The glucose added is just sufficient to make 
a 5 per cent, solution with the 20 c.c. normal saline.) The stopcock is 
so arranged that the syringe may be made to communicate alternately with 
the needle or the glass tube by turning the stopcock. Half the' suspension 
is now sucked into the glass syringe and, after being freed from any bubbles 
of air, it is injected into a vein of the fore-arm. The glass tube is now 
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filled with a portion of the remaining suspension, which is sucked into the 
glass syringe, and then the suspension is again injected. In this way the 
whole of the suspension is injected into the vein. Any sediment of antimony 
left inside the syringe is subsequently mixed with normal saline containing 
5 per cent, glucose, and then injected into the vein. This process is repeated 
several times till no antimony is left inside the syringe. About 40 c.c. to 
45 c.c. of normal saline are required to inject i to ij gr. of metallic antimony. 
The glucose has nowadays been completely dispensed with by the author, 
and the antimony is intimately mixed with normal saline by shaking it 
inside a stoppered glass phial. The antimony is sterilized by being dipped in 
absolute alcohol in a small stoppered phial, in which it is allowed to settle. 
After the antimony has settled down the alcohol is gently poured off. The 
antimony, is subsequently transferred to the shaking phial, after being mixed 
up with normal saline. The patient should remain in the recumbent posture 
for half an hour after intravenous injection of metallic antimony. 

Choice and Puncture of Veins for Intravenous Injection of Antinionial 
Solutions. — ^The patient must present himself for injection with an empty 
stomach. The presence of food in the stomach predisposes to vomiting. 
In the case of metallic antimony the patient is placed in the recumbent 
position, with his head on the same level with the feet. In other cases one 
may inject into a patient in the upright position, but the recumbent position 
is preferable, especially in debilitated patients. The choice of the vein need 
not be made until after compression of the arm ; the venous circulation in 
the arm is stopped and the vessels dilated. (See fig. 30.) The cleaning of 
the skin is performed by friction of the field of operation with cotton-wool 
dipped in 90 per cent, alcohol. In some cases, after painting with tinct. iodine, 
the iodine stain is washed with absolute alcohol. This brings about perfect 
sterilization of the part. The median cephalic is usually the vein of choice. 
If the median basilic or cephalic vein cannot be made prominent, then one of 
the veins on the back of the hand or any other prominent vein should be 
tried. Concave veins, as are found over the inner side of the elbow of very 
muscular people, may be tried if the median basilic or cephalic vein does not 
become prominent. In cases in which the veins of the upper extremity are 
not prominent, the veins on the dorsum of the feet may be tried. There is 
one vein near the inner malleolus which may be particularly suitable for the 
purpose. In those cases in which the veins of the extremities are not 
available, the superficial veins of the abdominal wall may be tried. The veins 
are not always marked off on the skin by their blue colour. If they are big 
and thick-walled, their presence is perceptible by the prominences they form, 
even if they dip deeply into the subcutaneous tissues. Often, even by 
touching them with the point of the index finger passed over the surface of 
the skin, one perceives the existence of the blood-laden tube. 

Puncture oj the Vein. — ^The puncture of the vein does not present any 
difficulties if one knows the little details of the operation. If one wishes to 
succeed at once and without trouble, it is essential that the needle should 
catheterize the vein, i.e., that it should fit into it like a trochar into its outer 
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tube. To obtain such ideal catheterization it is of primary importance to fix 
the vein in such a manner that it does not run away before the needle. This 
is obtained by stretching the skin of the arm downwards with the point of the 
index finger or the thumb about 2 in. below the point aimed at. The 
stretching of the skin and the underlying tissue properly fixes the vein. This 
traction can also be obtained by forming an angle with the middle and index 
fingers of the left hand, this angle being bisected by the vein. Another 
means to immobilize the vein is to pass the left hand behind the arm of the 
patient and to stretch the skin on a vertical level with the thumb on one 
side. This position has the added advantage of fixing the arm as well, but it 
has the disadvantage of hiding the vein. After fixing the vein it has to be 
catheterized. One takes hold of the syringe with the needle and, pricking the 
skin over the vein, pushes the needle forward at a convenient angle. Instead 



Fig. 30.— Author’s method of compressing the veins at the bend of the elbow for the 
operation of vein puncture. A piece of rubber tubing is passed round the arm and then 
the two ends of the tubing are passed through one of the apertures of a pair of tongue- 
forceps (Guy’s pattern), in the way indicated in the figure. After pulling the two ends 
of the tubing and then clamping it, the pressure exerted in compressing the veins can be 
easily regulated. 


of puncturing with the detached needle, the author considers it preferable 
to fix the needle to the syringe. The syringe is filled with the liquid to be 
injected, and after driving out the air until a drop of liquid appears at the 
point of the needle, the vein is punctured with the needle. At this moment 
the syringe is gently depressed and the piston is gently and slightly with- 
drawn. If any blood appears inside the syringe, then the needle is evidently 
inside the vein. To prevent the patient bending his elbow, it is always safe 
to hold the fore-arm a little above the wrist and exert gentle traction along 
its longitudinal diameter. At the termination of the operation the blood 
spilled on to the arm is washed with sterile water or swabbed with sterile 
cotton-wool. A pad of sterile cotton-wool is placed over the point of 
puncture and a little collodion is poured over it and gentle pressure applied. 
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Page 119, line 26 for the figures 0'05 to 1 gm. read 0*05 to 0.1 gm. 
Page 182, line 29 for the figures 0*05 to 1 gm. read 0 05 to 0*1 gm. 
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11. Intramuscular Method. 

(а) The intramuscular injection of tartar emetic or sodium antimony! 
tartrate is most painful, although not as painful as the subcutaneous injection. 

Castellani recommends the following formula : — 

Tartrate of antimony ... ... ... 8 gr. (0‘52 grm.) 

Carbolic acid ... ... ... ... 10 min. 

Glycerine ... ... ... ... 3 drm. ( 11*4 grm.) 

Bicarbonate of sodium ... ... ... 7 gr. (0*02 grm.) 

Distilled water ... ... ... ... 1 oz. (31 grm.) 

The dose is ^ to i c.c. injected every other day intramuscularly into the 
gluteal region. Sodium antimonyl tartrate may be used in place of tartar 
emetic in the above formula and may perhaps be less painful. 

(б) Antimony trioxide has been recommended for use in intramuscular 
injections in doses of i to 2 c.c. of a solution of i gr. (0*065 gi™*) of the 
compound in equal parts of glycerine and water (50 c.c. each). The solution, 
which is probably a glycerate, is weak in its leishmanicidal properties. 

(c) Colloidal sulphide of antimony in a 2 c.c. suspension in doses of 0*001 
grm. has been used for intramuscular injections. 

(d) Hyper-acid antimonyl tartrate (which is antimony trioxide dissolved in 
excess of tartaric acid) plus urethane (i gr. of urethane added to i c.c. of a i per 
cent, solution of the Sb203) has been used by the author for intramuscular 
injections with very good results. 

Dose : 0*05 to o*i c.c. of a i per cent, solution of the acid salt, calculated 
in terms of antimony trioxide dissolved in the tartaric acid. The injections 
are generally, but not always, painless. 

(e) Urea stibamine has been given intramuscularly with beneficial results 
and frequently without much local irritation, the dose being 0*05 to i grm. 
dissolved in i to 2 c.c. of distilled water given on alternate days. 

(f) Of the aromatic antimonials, intramuscular injections of acetyl-p- 
amino-phenyl-stibinate of sodium were first used by Caronia in the treat- 
ment of infantile kala-azar. He obtained good results from the administration 
of 3 to 10 cgrm. to children under 2 years, and 5 to 15 cgrm.to older children, 
on alternate days. Subsequent observations of Mackie and others, on the 
other hand, proved that the drug was toxic in its effects. The author has 
observed that in India it becomes toxic with age. 

Some of the amino-antimonyl tartrates, prepared during the course of the 
author's research with the idea of using them intramuscularly, have been tried 
by him with variable results. They are less painful than the ordinary 
antimonyl tartrates. 

III. Inunctions. 

In children and nervous patients an ointment of powdered metallic 
antimony in lanoline (5 or 10 per cent.) has been recommended to be rubbed 
in over the splenic region. In many cases it does not seem to make any 
impression upon the course of the disease. This treatment may, however, 




Fig. 31.— Temperahire chart of a patient cured by intramuscular injections of hyperacid antimonyl tartrate with urethane. 
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supplement the intravenous injections. Ointment of metallic antimony in a 
state of fine subdivision is more easily absorbed and gives better results. 


IV. Oral Method. 


{a) The following mixture may be given ^er os (Castellani) : — 


?! Tartrate of antimony 
Bicarbonate of sodium 
Glycerine... 
Chloroform water ... 
Water 


5 gr. (0*325 grm.) 
30 gr. (2 grm.) 

1 oz. (31 grm.) 

1 02 . (31 grm.) 
ad 3 oz. (93 grm.) 


The dose is one to two teaspoonfuls in water three times a day. According 
to the author, the therapeutic value of oral administration of the drug is weak. 

(6) Bismuth antimonyl tartrate has been given orally by the author in a 
few cases. No conclusive results were obtained. Theoretically speaking, it 
should combine the therapeutic properties of bismuth and antimony. 


V. Rectal Method. — Sodium or potassium antimonyl tartrate has been 
administered per rectum, but this method has nothing to recommend it 
and is sometimes painful. Urea stibamine has also been administered 
by the same route. 

In administering an antimonial preparation, such as tartrate of antimony 
or sodium antimonyl tartrate, it must be remembered that the concentration 
of antimony in the blood has to be high enough to destroy the Leishmania. 
It appears that, generally speaking, such a concentration can only be obtained 
by the administration of the above compounds by the method of intravenous 
injection, as sufficiently large doses cannot be administered by any other 
route without giving rise to distressing local symptoms. 

The following symptoms of intolerance may follow intravenous injection of 
tartar emetic or sodium antimonyl tartrate : — 

Rigors and rises of temperature, which may sometimes be severe. Occa- 
sionally the patient complains of intense headache lasting for some days, pain 
in the gums, vomiting, troublesome cough, diarrhoea or a dysenteric condi- 
tion, which may sometimes be severe and alarming. Sometimes the patient 
complains of a metallic taste in the mouth, and there is a disinclination for 
food, and vague abdominal discomfort. Rarely the patient complains of 
intense abdominal pain, especially over the splenic and hepatic regions, lasting 
for some days, or in the region of the kidneys, associated with dysuria. In some 
cases a bronchitic condition sets in which lasts for some days. 

In some cases oedema of the extremities, or an increase of oedema, 
if already in existence, makes its appearance after the first few injections. In 
a few cases a peculiar suffocating feeling or a feeling of spasm of the glottis 
occurs after the injection. Sometimes symptoms of cardiac depression, with 
a feeble pulse, may appear after the injection, but this is rare. 

In one case, high fever with violent fits set in after injection of lo c.c. of 
a 2 per cent, solution of antimonyl sodium, tartrate. The patient remained 
comatose for two days, but afterwards recovered. 
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Jaundice may appear in some cases after intravenous injection of 
antimonial preparations. Herpes may appear occasionally. 

Sometimes the patient complains of pain in the joints which may be severe 
and last many days. These joint pains generally come after the treatment has 
been continued for some time. 

In a few cases the patients developed pneumonia shortly after injections of 
sodium antimonyl tartrate or tartar emetic ; the same condition was observed 
in one case after intravenous injections of metallic antimony. It seems 
probable that injections of antimonial preparations predispose to attacks of 
pneumonia. Greatest care should be taken not to expose cases of kala-azar 
to colds or chills during antimonial treatment. 

If the patient is suffering from bronchitis, it is advisable to postpone 
antimonial treatment, or if bronchitis develops during the course of treatment 
of the disease, antimonial medication should be suspended for some time till 
the complication disappears. j 

In very rare cases, symptoms of paraplegia may set in during treatment 
with sodium antimonyl tartrate or tartar emetic. 

On very rare occasions death from extreme dyspnoea has taken place 
suddenly and unexpectedly after injection of these salts, though several 
injections may have been given previously without any untoward symptoms. 

The therapeutic value of the antimonyl tartrates compared : — ' 

Thomson and Cushny observed that sodium and potassium antimonyl 
tartrates were equally efficacious in the treatment of sleeping sickness. The 
author considers that they are also of the same value in the treatment of kala- 
azar. Others hold that the sodium salt is the more efficacious ol the two. 
They give rise to much pain and inflammation when injected subcutaneously 
or intramuscularly, and sloughs may form, especially after subcutaneous 
injections. According to Piimmer and Fry, lithium-antimonyl tartrate is the 
most efficient trypanocide among the inorganic antimonyl tartrates. In 
experimental animals it gives much better results when given subcutaneously 
than the corresponding sodium or potassium salt. Among the organic 
antimonyl tartrates, Thomson and Cushny considered that ethyl antimonyl 
tartrate was the most efficient trypanocide of all the tartrates, and though it 
was more poisonous than the potassium or sodium salts, the difference 
between the effective trypanocidal dose and the lethal dose was not less 
than that of the other antimonyl tartrates, and the optimum dose corre- 
sponded to Browning's therapeutic dose, being two-thirds of the maximum 
dose that average animals tolerate. In kala-azar the author has found the 
drug to be so toxic that he gave up its use. A new method of preparing 
the compound has been described by the author. Quinine antimonyl 
tartrate has been found by Fargher and Gray to be the least toxic of all the 
antimonyl tartrates, and this has been confirmed by the observation of the 
author. The author has no experience of the drug in the treatment of 
kala-azar. As stated before, ammonium antimonyl tartrate is less toxic than 
the sodium or potassium salt. It is equally efficacious in the treatment of 
that disease. 
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In India sodium antimonyl tartrate is the most popular preparation of all 
the antimonyl tartrates that have been used in the treatment of kala-azar. 

Bismuth antimonyl tartrate and urea antimonyl tartrate have been prepared 
for the first time in the author’s research laboratory. The former contains 
both bismuth and antimony, and should combine on theoretical grounds 
the therapeutic value of both the elements. 

Urea antimonyl tartrate has been used with success in a few cases. 

It may be stated here that sodium antimony thioglycocollate and antimony 
thioglycocollamide have given good results in the treatment of experimental 
trypanosomiasis. These may be tried in the treatment of kala-azar. 

AROMATIC ANTIMONIALS IN THE TREATMENT OF KALA-AZAR — 

UREA STIBAMINE AND OTHER ORGANIC PENTA VALENT ANTIMONIALS. 

It will not perhaps be out of place to give here a short history of the 
introduction of aromatic antimonials in the treatment of Indian kala-azar. 

The chemotherapy of aromatic antimonials in kala-azar infection has been 
the subject of research by the author for many years. In 1920, shortly after 
he had been financed by the Indian Research Fund Association for carrying 
on researches into the treatment of kala-azar, acetyl-p-ainino-phenyl stihinate of 
sodium and amiiio-plienyl-stibiuate of sodium were prepared for the first time 
in India in his laboratory in the Calcutta Campbell Medical School, and he 
immediately brought to the notice of the Government, the Governing Body 
of the Indian Research Fund Association, and the then Secretaiy of the 
Calcutta School of Tropical Medicine, the possibility of the potentialities of 
these compounds in the treatment of Indian kala-azar, his conclusions being 
based on theoretical grounds, from an analogy of the value of the correspond- 
ing compounds of arsenic, namely, ars-acetin and atoxyl, in the treatment of 
certain protozoal diseases. 

The acetyl compound (= stibacetin, stibenyl) was used more or less 
successfully outside India in the treatment of kala-azar and other forms of 
leishmaniasis (Caronia, Kharina-Marinuchi, Spagnolio). Manson-Bahr suc- 
cessfully used it in a case of kala-azar. Early in 1921 the author discovered 
that urea could combine with stibamlic acid and that the resulting compound 
surpassed all his expectations in its value in the treatment of kala-azar. Its 
introduction by the author and his researches into the chemotherapy of 
antimonial compounds in kala-azar infection opened up a new vista in the 
treatment of the disease in India, by means of therapeutic aromatic antimonials. 

Urea stibamine {ammonium carbaminO'Stlbanilate, urea-p-stibavilate or 
urea-stiba n Hate ) . 

TREATMENT OF KALA-AZAR WITH UREA STIBAMINE. — REVIEW OF THE MOST 

IMPORTANT PAPERS ON '1 HE USE OF THE COMPOUND. METHOD OF 

ADMINISTRATION — ITS DOSAGE — INDICATIONS AND CONTRA-INDICATIONS 

— ADVANTAGES. 

Until recently tartar emetic or sodium antimonyl tartrate was extensively 
used for the treatment of kala-azar in India. These are now being completely 
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Fig 33.— Temperature chart of a case cured by intravenous injections of metallic antimony 

(Original.) 
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replaced by urea stibauiine, on account of its high therapeutic value and 
marked superiority over the antimonyl tartrates. 

The compound formed by the combination of urea with stibanilic acid 
was named by the author urea stibamine. The medical profession in and 
outside Calcutta soon came to recognize its value from reports of cases treated 
with the drug in the wards of the author in the Campbell Hospital, long 
before the results of his observations were published. His first series of 
successful cases were published in October, 1922. In 1923, Shortt and Sen 
in Assam reported having obtained more brilliant results with this compound 
than those obtained by tfie author in his first series of cases. 

The Governing Body of the Indian Research Fund Association quickly 
recognized its value from reports of the author working in Calcutta, and also 
of those obtained from Shortt and other successive Directors of the Pasteur 
Institute, Shillong, from Christophers, Director of Kala-azar Commission, who 
reported from his experience in Assam about its remarkable efficacy, from 
medical officers of tea estates in Assam, and from the Government of Assam. 
In Calcutta its value was recognized by the physicians of the Calcutta l\Iedical 
College Hospitals and successive superintendents of the Calcutta European 
Presidency General Hospital. In these institutions it was quickly introduced 
and extensively used with most brilliant results. Its reputation quickly spread 
all over Assam, Bengal, Bihar and Orissa, and to more distant places in India 
such as Madras, Sanawar, Simla Hills, and other places too numerous to 
mention, and every observer who used the drug was convinced of the great 
advance made by its discovery in the treatment of kala-azar. 

Remarking on its therapeutic value, the Secretary, Scientific Advisoiy 
Board, Indian Research Fund Association, wrote as follows : Both the 
Director of the Kala-azar Commission and Lieut.-Col. E. D. W. Greig con- 
sider that this drug has a highly specific action in kala-azar, and its value 
has been abundantly testified to by those who have tried it, both in so far as 
it shortens the period of treatment and in so far as it seems able to cure 
intractable cases or cases which are resisting the antimony treatment,” 

The author, while discussing with the Director of the Calcutta School of 
Tropical Medicine about the therapeutic value of urea stibamine, soon after 
its discovery, pointed otit and suggested to him the possibility of obtaining 
therapeutic aromatic antimonials fromChemisch Fabrik von Heyden, the only 
compound of that nature then available in England being stibenyl, and 
subsequently '^471” von Heyden was introduced in this institution for the 
treatment of kala-azar. 

Of all aromatic antimonials that have been used up to the present time, 
the most extensive literature has been published on urea stibamine. The 
reports consist of cases treated by different observers, and under different 
conditions, and are therefore most valuable, there being no personal element 
in the choice of cases. 

A Short Review of the Most Important Papers on the Use of Urea Stibamine . — 
Urea stibamine, discovered by the writer in the course of research under 
auspices of the Indian Research Fund Association, has been given extensive 
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trials in the treatment of kala-azar by different observers during recent years. 
A review of the most important published papers on the compound and of a 
few unpublished ones is given below. 

Chemical Constitution and Toxicity, — The constitutional formula of urea 
stibamine is NH2CO. NH, C6H4 SbO. OH. ONH4 {Indian Journal of Medical 
Research, October, 1924). The NH2CO. group shows that it is allied to 
tryparsamide, an arsenic compound, upon which the future conquest of 
African sleeping sickness depends, as pointed out by Dale. Originally, it was 
considered to be urea salt of stibanilic acid. 


Lethal Effects produced from the Administration of a 2-per-cen'i Solution of Urea 
Stibamine to Guinea-pigs by Intramuscular Injection (Brahmachari.) 


Dose per kg. 
0*7 grm 

0-65 „ 
06 

05 It 
0M5 .. 

0-4 .t 

o‘3S .. 


No of guinea<pigs used 
4 

3 

4 
2 


4 

4 

4 


No. died 

4 

2 

2 

I 

I 

I 

ML 


Remarks 

M.L.D. 

Maj.L.D. 


M.T.D. 


The maximum tolerated dose of urea stibamine per kilogramme of body 
weight is twenty-three times that of tartar emetic in the case of the guinea-pig. 
The effective dose of urea stibamine in the treatment of kala-azar is five-sevenths 
the tolerated dose for the guinea-pig, while in the case of tartar emetic, it is 
eight times the tolerated dose for the same animal. Urea stibamine is 
therefore a much safer antimonial for use in the treatment of kala-azar than 
tartar emetic or other antimonyl tartrates. 

Value of Urea Stibamine in the Treatment of Kala-azar. — I. The first 
paper on the subject was published in October, 1922 (Indian Journal of 
Medical Research), in which Brahmachari published a series of eight cases of 
kala-azar successfully treated with urea stibamine. In this paper the toxicity 
of the drug was fully tested, which is summarized above. 

II. The second paper on the subject was that of Major Shortt, I.M.S., 
Special Kala-azar Officer, Pasteur Institute, Shillong, and Dr. R. T. Sen, 
published in the Indian Medical Gazette, July, 1923. In this paper they 
described a series of five cases of kala-azar treated with urea stibamine with 
most encouraging results. They stated that its advantages were : (a) The short 
course, occupying only two to three weeks necessary for a complete cure ; 
(b) the rapidity with which the symptoms of the disease disappear ; (c) the 
fact that no symptoms of intolerance were met with in any of their cases. 

The cases were particularly severe, as the following remarks of the authors 
will show : — 

1st case.— Case on admission was very ill with marked oedema of legs and great weakness. 
2nd case.— Case on admission, weak with oedema of feet. 3rd case.— Case on admission, emaciated, 
weak and very anaemic. 4th case. — Case on admission, extremely weak with very severe bronchitis. 
Parasites very numerous. 

III. The next paper was a second contribution by Brahmachari, published 
in the Indian Journal of Medical Research, October, 1923, in which he 
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recorded his further observations on the treatment of kala-azar with urea 
stibamine. A series of nine fresh cases, successfully treated, were noted 
with observations on others previously recorded. The latter had shown no 
relapse after one year after treatment was stopped, the patients being kept 
under observation for the period. 

IV. The fourth paper was that of Shortt and Sen, published also in the 
above issue of the Indian Journal of Medical Research, October, 1923. It 
consists of records of twentj’*one consecutive cases of kala-azar treated with 
urea stibamine, one of which was a very severe case of fulminating type with 
intense infection. All the cases were cured. 

The following observations were made by Shortt and Sen in connection 
with their paper : (a) Tolerance to the drug. Even in those patients to 

whom the largest total quantity of urea stibamine was exhibited no symptoms 
of intolerance appeared. The greatest quantity administered to any case was 
over 5 grm. The result was in marked contrast to that obtained with the 
usual antimony salts, where, in a large percentage of cases, symptoms of 
intolerance, in the form of joint pains, &c., appear after greater or lesser 
amounts of the particular salt in use. (b) Amount of urea stibamine and time 
required for sterilisation. This varied with the severity and previous duration 
of the case. Uncomplicated cases of average severity, especially if of recent 
origin, were usually cured by 2 grm. of the preparation. Administered on 
alternate days, this represented a period of about twenty days. A few cases 
were cured more rapidly. Long standing cases and some with very acute 
infections of the fulminating type took a longer period and larger total 
quantities before sterilization was established. Several of the cases were those 
which had resisted completely treatment by sodium and potassium antimony 
tartrate, yet in no single case did the authors fail to procure sterilization by the 
use of urea stibamine. (c) Absence of local irritation. Urea stibamine injected 
subcutaneously produced little, if any, local irritation. The importance of 
this, especially in the treatment of young children, will be realized by anyone 
who had seen the results of the escape of antimony salts into the tissues, when 
intravenous administration has been attempted unsuccessfully by an unskilled 
operator. This absence of local irritation raises the question of the possible 
use of this preparation by subcutaneous or intramuscular administration in 
special cases. This method is now being given a trial by us, with apparently 
successful results, {d) Rapidity of action. The amelioration of physical signs 
and symptoms was more rapid than with the ordinary antimony salts. 
Reduction of the temperature, diminution in the size of the spleen, and 
generally improved condition of the blood, were more rapidly achieved. 
(e) Action in producing leucocytosis. In many of the cases urea stibamine 
had a most beneficial action in producing a rapid improvement in the total 
leucocyte count. This effect, always a favourable sign in kala-azar, was in 
many cases most marked, and would alone be a point in its favour. 
(/) Importance of treating cases as early as possible. The reasons are twofold : 
(i) Early cases were found to yield more readily and rapidly to treatment, 
^nd the affected tissues were able completely to recover their tone and normal 
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functions. (2) Very old standing or advanced cases might have their tissues 
and organs permanently damaged by the disease to such an extent that, even 
although sterilization as regards parasites was effected, yet their functioning 
would never be recovered and the duration of life would necessarily be 
greatly curtailed. 

The average amount of urea stibamine used per case was found to be 2’6 
grm. The average number of injections required for, and the average period 
occupied in, actual treatment with the drug were found to be twelve injections 
and thirty-two days respectively. When this is compared with the thirty 
injections and ninety days usually required for a minimum full course of 
sodium antimony tartrate, the advantages of the use of urea stibamine will 
be obvious, and the more so, as it is apparently capable of sterilizing some of 
the cases which definitely resist treatment by the usual salts of antimony. 
This latter fact was evidenced in one case which had received 653 c.c. of i per 
cent, solution of sodium antimony tartrate with no apparent benefit, but was 
cured with urea stibamine after only seventeen injections. 

The authors concluded that urea stibamine was by far superior to any 
other antimony preparations in general use. 

V. The fifth paper was that of Brahmachari, published in the Indian 
Journal of Medical Research^ April, 1924, which gives a series of nine con- 
secutive cases of kala-azar resistant to antimony tartrates cured with urea 
stibamine. 

By refractory or resistant cases of kala-azar were meant cases which 
resisted treatment with 2 grm. or more of sodium or potassium antimonyl 
tartrate given intravenously in the routine form of treatment of the disease 
extending over a period of two months and a half to three months or more. 

The conclusions were : (i) The curative value of urea stibamine and its 
superiority over the antimonyl tartrates were established ; (2) refractory cases 
resistant to antimonyl tartrates yielded to urea stibamine; (3) the short course 
of treatment and the lesser number of injections required in bringing about a 
complete cure were striking ; (4) no relapse was met with among the cases 
that had undergone complete treatment with urea stibamine; some of these 
were under the author s observation for nearly two years after completion of 
treatment ; (5) no relapse was met with among the resistant cases that were 
subsequently cured by urea stibamine. Some of these cases were under the 
author’s observation for about a year; (6) the possibility of using urea 
stibamine intramuscularly was suggested. 

VI. The next paper on urea stibamine is that of Dr. Percy Foster, 
Badlipar Tea Estate, showing the value of the drug in the treatment of kala- 
azar under tea garden conditions in a series of twenty cases {Indian Medical 
Gazette^ August, 1924). 

Remarks of Dr. Percy Foster on the progress of his cases during treatment 
with urea stibamine : The rapidity of the diminution of the size of the spleen 
was most marked in a very large percentage of his cases. The manner in 
which the fever was checked after the second injection Was also a point well 
illustrated in a large number of the cases, Dr, Foster further remarked that al] 
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his cases were subsequently inspected and showed a marked improvement 
in general health and weight. All the cases were cured, except one which 
died. Three of the cases treated were cases of relapse. 

VII. Dr. Fosters work on the use of urea stibamine was continued by 
his successor, Dr. K. L. Banerjee. 

Remarks of Dr. Banerjee : “ Urea stibamine is a remarkable drug and a 
certain cure for kala-azar. The great advantage of this new drug is the short 
course of treatment. Generally it takes three weeks to cure a patient with this 
drug if the injections are given on alternate days, and I have practically seen 
cases being cured within eight days after four injections only. What a 
powerful drug it is as compared with other antimony preparations which take 
three to four months to cure a patient! The cases which resist treatment 
with ordinary antimony preparations are cured with urea stibamine. I have 
seen cases, which got about 400 c.c. of i per cent, solution of sod. ant. tart, 
with no effect, cured by urea stibamine within three weeks. Fever subsides 
after one or two injections and the general health improves rapidly, more so 
after the injections are over. My treated cases are now enjoying excellent 
health, and those who had some enlarged spleen at the end of the treatment 
have their spleen reduced to normal size. 1 have not any bad effects after 
urea stibamine injections. No joint pains are complained of by the patients. 
Children tolerate the drug very well, and I have given them in increasing 
doses from 0*05 grm. to 0*25 grm. without any bad effects. If a little of the 
solution goes by chance into the tissues there is no marked pain or bad effect, 
but only a slight inflammation is noticed which subsides within two or three 
days. I have given urea stibamine intramuscularly in the gluteal region to a 
child without any evil effects, and the child was subsequently cured.'* 

The cases treated by Foster and Banerjee belonged to Hantley Tea Estate, 
Assam. The total number was sixty-seven. Leaving one case that was 
admitted into hospital in a moribund state, and another, aged 35, weighing 
only 73^ lb. and having lung complications before admission, the percentage 
of cures was 98 per cent., the proof of cure being negative results from spleen 
puncture and disappearance of the symptoms at the time of discharge from 
hospital and subsequent following up of the cases after discharge from 
hospital. Of the cases treated, three required four injections, twenty-two 
between four and eight for complete cure, and the average for all the cases 
treated was ten. 

VIII. The next paper is that of Dr. Dodds Price, Medical Officer, Solana 
Tea Estate, on cases of kala-azar showing little or no improvement with 
sodium antimonyl tartrate, subsequently cured by urea stibamine {Indian 
Medical Gazette, September, 1924). 

The present writer was very kindly furnished by Dr. Dodds Price with notes 
of thirty-seven such cases, the first eight having been published. Besides, 
Dr. Dodds Price sent him notes of fifteen other cases with the following 
remarks: '^All these were taken in the early stages of the disease, and the 
results have been uniformly successful, and no case has required more than 
ten injections, the average working out at seven.'* 
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IX, The next paper is that of Brahtnachari on the value of urea stibamine 
in the treatment of early kala-azar, published in the Indian Journal of Medical 
Research, October, 1924. 


Table showing the Value op Urea Stibamine in the Treatment of Early Kala-azar. 



Cal. Med. Coll Hosp. 
Barnardo, McCay, Author 


Pasteur Inst., Shillong. 
Shortt, Greig and Kundu 

HantleyTea 
Estates. 
Foster and 
Banerjee 

Author and Maity 

Duration of ill- 
ness in days 

18 

4 

120 

8 

10 

21 

135 90 120 60 90 

1 

7 13 

90 

150 

150 

Amount grm. 
after which 
cult. neg. 

0*33 

03 

0*4 

0*4 

0*3 

0*2 

— — 0 7 07 0-93 

i 

05 

02 

0 25 

Total amount 
grni. given 

0*35 

03 

04 

0*5 

0 5 

02 

0 7 0 75 0 7 07 0 95 

0*35 0*5 

0*5 

0*2 

0-35 

Period of treat- 
ment in days 

14 

10 

12 

10 

14 

D 

7 7 5 5 7 

— 7 

4 

5 

7 


Brahmachari concluded as follows : “ Urea stibamine cuts short the 
course of kala-azar to a remarkable degree, if administered in its early stages. 
The same conclusions have been arrived at from observations made by 
different observers in different places. Its beneficial effects in its early stages 
are noteworthy. 

“It is evident from an economic point of view and m the interests of the 
miserable sufferers, that the use of urea stibamine in the early stages of the 
disease cannot be over-emphasized." 

X. The next paper is that of Dr. Michael, Medical Officer, Agricultural 
Research Institute, Pusa, published in the last edition of the author’s Kala- 
azar AND ITS Treatment (1925). 

Dr. Michael concluded as follows : (i) The most important action of urea 
stibamine appears to be the rapidity with which it checks the toxaemia of 
kala-azar, as evidenced by rapid reduction of fever. This opens out great 
possibilities in the treatment of the disease with urea stibamine in its early 
stages, the advantages to be gained in an epidemic, for instance, being 
immense. (2) Urea stibamine is practically non-toxic in its action and does 
not set up irritation of the vital organs. (3) It causes a much more rapid 
reduction of the spleen than tartar emetic or sodium antimony tartrate. 
(4) The advantages to doctor and patient alike of a very short course of 
injections for cure need no comment. 

XI. The next paper on urea stibamine is a paper of Brahmachari and 
Maity, containing a very interesting series of kala-azar cases cured with urea 
stibamine in thirty-two hours to seven days (published in the Indian Journal 
of Medical Research, April, 1925), Some of these cases had an intensive course 
of treatment consisting of multiple injections of urea stibamine during twenty- 
four hours. 
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Table showixg a Few Cases Cired ha" Ixtevsxve Treatment with Urea Stibamixe 


Duration of illness in 

3 

5 

3 

7 

2 

3 

1 

5 



— 

— 

months 

Amount in grammes 

0'15 

0 85 

03 

0*65 

0 65 

08 

04 

04 

0 75 

14 

0 65 

after which blood- 
culture negative 

Total amount grammes 

0 35 

0 85 

03 

075 

0 85 

09 

04 

04 

135 

2 

1*15 

injected 

Period of treatment in 

120 

72 

72 

36 

58 

60 

54 

32 

16S 

288 

192 

hours 

Days of observation 

36 

25 

15 

25 

6 

12 

18 

33 

40 

55 

210 

after treatment 

XII. The next paper is 

that of Captain Kapur, LM.S., 

Resident Physician, 


Medical College Hospital, Calcutta, on ^^Observations on the Treatment of 
Kala-azar with Urea Stibamine in the Medical Out-Patient Department of the 
Medical College Hospital, Calcutta” {Indian Medical Gazette, vol. lx, 1925). 
They include a series of cases which were found to be definitely resistant 
to treatment with antimonyl tartrates. 

Observations, — (i) The course of treatment with urea stibamine for bringing 
about cure in kala-azar is remarkably short. In some of the cases cure took 
place in only seven days. In case of antimonyl tartrates, the course of 
treatment frequently extends to more than three months. 

(2) The average number of injections required for a course of treatment 
with urea stibamine is seven, while in the case of antimonyl tartrates it 
frequently amounts to thirty or more. 

(3) The beneficial effects obtained with urea stibamine in cases resistant to 
the antimonyl tartrates are striking. 

(4) Jaundice and albuminuria are no contra-indications to the treatment 
of kala-azar with urea stibamine. Such cases are best treated with small 
doses slowly increased. 

(5) No signs of intolerance were observed in any of the cases. Sometimes 
a reactionary fever took place after injection which subsided after a few 
hours. 

(6) Cases in which signs of intolerance showed themselves aftei injection 
of sodium antimonyl tartrate bore urea stibamine very well. 

(7) The most striking results with urea stibamine are {a) rapid disappear- 
ance of the spleen ; (b) rapid subsidence of the fever; (c) early disappearance 
of leucopenia; and (d) short course of treatment required for a complete 
cure. 

XIII. The next paper is that of Major Shortt and Sen, being entitled, 
Final Report on the Use of Urea Stibamine in Kala-Azar,” published in the 
Indian Journal of Medical Research, October, 1924. 

The following conclusions are quoted from that paper : “ We consider 
that the value of urea stibamine has been established as the most efficient 
drug at present in use for the treatment of Indian kala-azar. The conclusion 
is based not only on a series of cases of which we have published the details, 
but in addition on experience gained in many other cases, both Indian and 
European, which have passed through our hands or which have been treated 
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with urea stibamine under our direction, a number totalling nearly one hundred 
cases.” 

XIV. The next paper is that of Colonel Greig, Director, Pasteur Institute, 
Shillong and S. Kundu, published in the Indian Journal of Medical Research, 
April, 1925. It gives the records of fifty-one cases cured by urea stibamine 
with complete sterilization of the internal organs. 

XV. The next paper is that of Kundu, published in the December issue 
of the Indian Medical Gazette, 1925. It shows the value of intramuscular 
injection of urea stibamine in the treatment of kala-azar. 

XVI. The stability of urea stibamine. Major Shortt, Director of Kala- 
azar Commission, has observed that urea stibamine stored in sealed ampoules 
for six months without any other precautions showed no deterioration or 
other change either in physical character or therapeutic properties. 

A paper on the toxicity and therapeutic value of old samples of urea stiba- 
mine, by Brahmachari and Maity, has been published in the Indian Journal 
of Medicine (September) and Calcutta Medical Journal (August), 1926. They 
conclude as follows : ‘^Urea stibamine has been found to remain perfectly 
stable up to the time of our observation, i.e., January, 1926, after having been 
preserved in sealed ampoules since 1922 under ordinary conditions in Calcutta 
and elsewhere without any deterioration, i.e., four years after the samples had 
been preserved. The therapeutic properties of these old samples remain fully 
intact and these have been used in the treatment of kala-azar without any 
untoward results. There is no difference in toxicity between old and new^ 
samples of urea stibamine.” 

Method of Administration — Dosage — Indications and Contra-indications — 
Advantages, 

Preparation of Solution and Mode of Administration, — It should be used 
intravenously dissolved in cold sterile watei. The solution should not be 
boiled. For making the solution dissolve 0-05 grm. and i grm. in i c.c. of 
water, 0*15 grm, and o'2 grm. in 2 c.c. of water. Always use a fresh solution. 

Dosage. — It is always desirable to start the treatment as soon as diagnosis 
of kala-azar is made, as the cases treated in the early stages of the disease 
frequently show the speediest recovery. 

For adults, begin with 0'05 grm. and increase by 0’05 till the dose reaches 
0*2 grm., which is generally the highest dose. Any one of the doses may be 
repeated, according to the discretion of the physician, before proceeding to 
the next higher dose. (Some observers begin the treatment of the disease 
with 0*15 grm. or 0*2 grm. with satisfactory results.) Generally, the injections 
are given twice a week, though more frequent injections also may be 
given. The injections should be continued till the symptoms of the disease 
disappear. 

For children about 5 years of age, begin with half the initial dose for 
adults, i.e., 0*025 grm. and increase up to 0*05 grm. or 0*1 grm. Any one of 
the doses may be repeated, according to the discretion of the physician, before 
proceeding to the next higher dose. 

For children about i year of age, begin with one-fifth the initial dose for 
adults and increase up to 0*025 grm. or 0*05 grm. 
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Indications and Contra-indications, — (i) Urea stibamine is indicated in all 
cases of kala-azar. It has been used in cases complicated with bronchitis or 
dysentery without any untoward results. In cases of leishmania dysentery it 
cures the condition. If, however, dysentery develops during treatment, then 
it is desirable to stop the injection for a time or give it in smaller doses. 
(2) In cases with marked nephritis and oedema, begin with smaller doses. If 
the oedema increases, give the doses at longer intervals than before. (3) Very 
advanced cases should be treated, beginning with small doses which should be 
slowly increased. 

Advantages of Treatment with Urea Stibamine. — (i) The short course 
occupying only two to three weeks for a complete cure. (2) The appearance of 
early and marked leucocytosis, rapid disappearance of the fever, of splenic and 
hepatic enlargements and of anaemia, oedema and cachexia, in fact, of all the 
symptoms of the disease, and reversion to normal state of health. (3) The 
absence of symptoms of intolerance after its administration. (4) It is most 
valuable in the treatment of relapses, or in the cases resistant to sodium 
antimonyl tartrate or tartar emetic. (5) Observations have shown that early 
cases are cured after four or five injections, and sometimes even after fewer 
injections. 

In a series of twenty-eight successive cases in the wards of the Calcutta 
Medical College Hospitals, under the different physicians, the temperature came 
down to normal in fourteen after the first injection of urea stibamine, in six 
after the second injection and in six after the third injection, i.e., in 50 per cent, 
of the cases the temperature came down to normal after the first injection. 

In a combined series of 194 successive cases observed by the different 
physicians in the indoor and outdoor departments in the above hospitals, 
and by Shortt and Sen, as well as by Greig and Kundu, in the Kalar-azar 
Research Hospital at the Pasteur Institute, Shillong, the total average 
amount of urea stibamine required for cure was 17 1 grm. This includes 
the average actual amount of urea stibamine used, the average sterilizing 
dose as estimated by blood-culture being less than this. 

In the same series as above, the average number of injections per patient 
required for cure was 8*25, and the average number of days was 16*6. 

As already noted, cases of cure with much smaller amounts of urea 
stibamine and with much fewer injections and in much shorter periods, 
have been observed, as will be seen from the following table : — 


Table showing a Number of Cases Cured by less than one gramme of Urea Stibamine. 



I 1 

Ca.\. Med. Coll. Hospital 

1 Barnardo, McCay, Author 

1 Pasteur Inst., Shillong 
^ Shortt, Greig and Kundu 

^ Author and Maity 

1 

Duration of illness 
in days 

60 90 10 21 21 

240 17 mths. 

90 — — — 

Amount grm after 
which cult. neg. 

OSS 0-6S O'SS 09 0-4 

— 0*95 

0-7 0 7 0-S 0-6 

Total amount grm. 
given 

O'SS 0-8 0 7 0-9 O-SS 

0 65 0*95 

07 07 0 7 0-6 

Period of treatment 
m days 

IS 14 10 22 14 

6 7 

S 6 9 3 
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In the cases recorded above the proof of cure was based on repeated 
blood-cultures and keeping the patient under observation, which in some 
cases in the Calcutta Medical College Hospitals extended from three to five 
months after completion of treatment. 

In a combined series of 325 published cases, 98*47 per cent, of the cases 
were cured. One of the cases died of extreme asthenia, being admitted at the 
age of 65 in a moribund condition. In 298 of these cases, proof of cure 
was microscopic and cultural examinations and disappearance of symptoms, 
and in twenty-seven cases proof of cure was clinical disappearance of the 
symptoms and subsequent observation of the cases. One case was resistant. 

Oilier Aromatic Therapeutic Antimonials. 

Stibamine is the name given by the author to p-amino-phenyl-stibinate 
of sodium (JoitriL Trop, Med. Hyg., 1921). It is the antimony analogue of 
p-amino-phenyl-arsenate of sodium (= atoxyl or soamin). It has been pre- 
pared in the author s research laboratory. The pure compound is fairly 
stable and its solution is neutral. The author was the first to introduce the 
compound in the treatment of kala-azar, and reported a few cases showing 
its curative value. One case was cured with i‘2 grm. of the compound. 
It is slightly more toxic than urea stibamine. 

Metachlor-acetyUp^amino-stibinate of sodium was prepared in the author’s 
research laboratory and was named by him chloro-stibacetin. It has been 
supplied by von Heyden under name of von Heyden “471,” and subsequently 
under the name of stibosan. The total average amount required for cure 
with chloro-stibacetin was 2*75 grm., and the average number of injections was 
fifteen. Napier seems to be the only observer who has given an extensive 
trial to the compound. In his series the average number of injections for 
cure was I3’3, and mean number of injections prior to the cessation of fever 
was 5-6, and the mean total dose was 278 grm., and the death-rate in his series 
was 10*6 per cent. In thirteen cases treated with the compound by Greig and 
Kundu, the average amount required for cure was 2*0 grm. and the percentage 
of uncured cases was fifteen, one case proving resistant. 

Stibiglycine-amide is the name given by the author to N-phenyl-glycine- 
amide-p-stibinate of sodium. The author has published records of his 
observations on eight cases showing the value of tliis compound in the 
treatment of kala-azar, all the cases being cured {Indian Journal of Medicine 
and Calcutta Medical Journal^ June, 1926). 

The Glucose Compounds. — It has been observed by the author that stibamine, 
urea stibamine, and other allied compounds have the property of combining 
with glucose in molecular proportion. Weight for weight the resulting com- 
pound for urea stibamine is weaker in its therapeutic properties in proportion 
to its antimony content. Glucose stibamine has been prepared in the author s 
research laboratory by the combination of glucose with stibamine in molecular 
proportions. It has been put on the market under the name of neostam 
(B, W.andCo.). In Napier’s series of eleven cases treated with neostam, the mean 
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number of injections was 13 8 and the mean total dose was 2*58 ; the mean 
number of injections prior to the cessation of fever was 5*4. There was one 
death in this series of eleven cases. Greig and Kundu tried this compound 
in two cases only, and therefore no conclusion can be drawn from these two 
cases. 

Para-amino-phenyl-stibinic acid in combination with urea and glucose. 
In Napier’s series of fifty-two cases treated with p-amino-phenyl-stibinic acid 
in combination with urea and glucose, there were two deaths and two resistant 
cases not yielding to the drug. This gives a percentage of about eight for 
uncured cases in his series. 

Von Heyden “ 693” has been used by Napier in the treatment of kala-azar. 

The Therapeutic Value of the Different Aromatic 
Antimonials Compared. 

The comparative value of the aromatic antimonials in the treatment of the 
disease depends upon their toxicity and therapeutic effects following their 
administration. These again depend upon their chemical configuration and 
their physico-chemical properties. 

(I) The Aromatic Antimonials of the Stibino-benzeiie Group. 

Antimonials of the stibino-benzene type have not yet come into use in the 
treatment of human diseases, though they have been used with indefinite 
results in the case of certain diseases of animals. 

Trivalent aromatic antimonials of the type of salvarsan or neo*salvarsan 
will probably be in future the further advance in the antimony treatment of 
kala-azar. 

(II) The Aromatic Antimonials derived from p-stibanilic acid (p’^amino- 

phenyUstibinic acid), 

Frankel is not justified in stating that changes in the molecular structure 
of antimony compounds do not bring about an increase of their therapeutic 
properties. Urea stibamine is just as useful in the treatment of kala-azar as 
atoxyl in diseases for which it has been recommended. Taking the published 
cases of different observers, under different conditions and in different places, 
it is obvious that of all the aromatic antimonials, the most extended trial has 
been given to urea stibamine. On the other hand, observations upon the 
other aromatic antimonials are mostly limited to observations of single 
individuals. 

It will be seen from the above that urea stibamine is the most powerful of 
all the aromatic antimonials so far used in the treatment of kala-azar. Regard- 
ing stibamine andN-phenyl-glycine-amide-p-stibinate of sodium, no compari- 
son can be made at present with the other aromatic antimonials, as neither of 
them has yet been given an extended trial in the treatment of the disease. 

On theoretical grounds, N-phenyl-glycine-amide-p-stibinate of sodium, or 
stib-glycine-amide as the author has named it, should be of very marked 
therapeutic value, as it contains the group NHgCO and is allied to tryparsamide. 
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Napier’s observations lead to the conclusion that the chloro-stib-acetin 
(= stibosan, von Heyden) is weaker in its therapeutic effects when compared 
with urea stibamine. 

The therapeutic value of the glucose compounds as compared with the 
compounds from which they are derived is proportional to their antimony 
content, and the same conclusion is arrived at on theoretical considerations. 

The author has not yet tested the value of von Heyden 693.’' It is stated 
to be p-amino-phenyl-stibinic acid in combination with an amine, but this 
gives no idea about its chemical composition. 

The antimony content of some of the aromatic antimonials is given 
below : — 


stibamine ... 

Urea stibamine 

Chloro-stib-acetin [ = stibosan, von Heyden “ 471 ”) 
Glucose-stibamine ... 

Glucose-urea stibamine 

N -phenyl-glycine-amide-p-slibinate of sodium . . . 


42*10 per cent. 

36*95 

33*3 

25*8 „ 

23*8 
29 3 


It may be stated that, generally speaking, the therapeutic value of the 
aromatic antimonials derived from p-amino-phenyl-stibinic acid is propor- 
tional to their antimony content. 

As stated before, urea stibamine has been observed to manifest no deteriora- 
tion or other changes, either in physical and chemical characters or in 
therapeutic properties, if kept in sealed ampoules under ordinary conditions. 
It has been claimed that antimony compounds which can be stored in 
ordinary stoppered bottles and weighed out -when required are the most useful 
for general purposes. In the author s opinion such compounds must have 
more or less the same stability as the antimonates and, therefore, there is less 
chance of the production of the reactive — Sb = O in the tissues after their 
administration which, the author considers, is responsible for the beneficial 
results following the administration of an antimony compound. This 
explains why antimonates in which antimony exists in the pentavalent form 
are of veiy little value in therapeutics, as they are very stable and quickly 
excreted unchanged after this administration. The same fact also holds 
good in the case of arsenic. 

As regards toxicity, the author has observed that the toxicity of compounds 
obtained from para-stibanilic acid is proportional to their antimony content. 
His observations are different from those of Napier, who found urea stibamine 
and its glucose derivative equally toxic. This latter observation is somewhat 
significant, as this would mean that the antimony content of urea stibamine 
is one half times less toxic than its glucose derivative. 


comparison of the therapeutic value of the various antimonial 

PREPARATIONS AND THE MODES OF ADMINISTRATION IN THE TREAT- 
MENT OF KALA-AZAR. 

Until recently the antimonyl tartrates were most commonly used in the 
treatment of kala-azar. Since the introduction of urea stibamine by the 
writer, the antimonyl tartrates are being quickly replaced by this new com- 
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pound. As stated before, its advantages include the short course of treatment, 
occupying only two or three weeks or less for a complete cure in many cases, 
and the rapidity with which the symptoms of the disease disappear. Cases 
that resist tartar emetic or sodium antimonyl tartrate quickly yield to treat- 
ment with urea stibamine. 

Antimonious oxide suspended in solution of sugar and gum arabic, or in 
30 per cent, emulsion in oil (trixidine), has been found to be of therapeutic 
value in the treatment of trypanosome-infected experimental animals. Yorke 
and Blackmore have also used trixidine in oily suspension intramuscularly 
with beneficial results. Kolle, Hartoch, Rothermundt and Schurmann 
consider that the formation of a deposit of an insoluble slowly absorbable 
compound of antimony, such as antimony trioxide, acts prophylactically 
against trypanosome infection. The principle of the employment of insoluble 
organic compounds of antimony, either in ointment form or through the 
formation of intramuscular depots, constitutes what the authors designate 
therapia mite curans, as contrasted with therapia magna stertlans. Rogers 
used it in kala-azar. In the author’s experience it is weak in its therapeutic 
properties in kala-azar. It may perhaps be used in kala-azar in resistant cases, 
along with intravenous medication, and evidently an intramuscular injection 
of such a compound is likely to be more useful than substances of the nature 
of T.C.C.O. 

Plimmer and Bateman opened up a new vista when they showed that anti- 
mony in metallic form was more effective in trypanosomiasis than its soluble 
salts. The metal can be prepared in a state of very fine subdivision. It was 
first used intramuscularly in various media, such as Lambkin*s medium. The 
intramuscular injection is very painful. It was subsequently recommended to 
be given intravenously, and the results obtained surpassed in its therapeutic 
effects any of the preparations of antimony that were used before. Ranken 
found that it never gave rise to any blocking of the capillaries, being quickly 
absorbed by the leucocytes. 

The authors observations have proved the superiority of metallic antimony 
over the antimonyl tartrates. In some cases in which the soluble salts, such 
as potassium antimonyl tartrate and sodium antimonyl tartrate, did not show 
any improvement in the blood condition or the temperature of the patient 
after several injections, metallic antimony brought about complete cure. 
Such cases belong to the refractory types of the disease, but are not 
uncommonly met with. 

In addition, the number of injections required for a course of treatment 
with metallic antimony is much smaller than those of the tartrates. Three 
or four injections frequently cure the patient, though in one or two cases 
the injections given were as many as eight or nine. Even then the number 
of injections is less than what is generally required in the case of the 
antimonyl tartrates. 

The only objection is, no doubt, the complicated technique of the 
operation of injection, which is a serious obstacle to mass treatment of the 
disease. 
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In previous works on kala-azar the author held the view that metallic 
antimony was the most powerful of all the leishmanocides, and there is no 
doubt that this was so till his introduction of the aromatic antimonials in the 
treatment of kala-azar. His present view is that, apart from the complicated 
method of its administration, it is one of the most powerful drugs in the 
treatment of kala-azar. It should be tried in those resistant cases in which 
other antimonials may fail. 

In studying trypanosomiasis, Ehrlich thought that the trypanosomes 
assimilated the organic derivatives of arsenic only when the arsenic was 
present in the trivalent and not in the pentavalent form. Similaily, the 
experiments of Kolle, Hartoch, Rothermundt and Schiirmann have shown 
that compounds containing pentavalent antimony w^ere not organotropic, 
except in large doses, and were at the same time slightly parasitotropic. 
Preparations containing trivalent antimony were, as a rule, exceedingly toxic 
to the organism, and at the same time it was also shown by these observers 
that for antimony compounds, soluble or insoluble, organic or inorganic, to 
be of therapeutic value in trypanosomiasis, antimony must be in the trivalent 
form. 

The more recent researches of the author and others that have followed 
him have, however, proved that the aromatic pentavalent antimonials are 
much more potent in the treatment of kala-azar than the trivalent antimonyl 
tartrates. 

As stated before, antimonials of the stibino-benzene type have not yet 
come into use in the treatment of human diseases, and that trivalent aromatic 
antimonials of this type will probably be in future the next advance in the 
antimony treatment of kala-azar. 

By studying the excretion of antimony in man after intravenous injection 
of the aromatic antimonials of the type of urea stibamine, and also of the 
antimonyl tartrates, the author has been able to explain the superiority of the 
former over the latter. He has observed that in the case of tartar emetic 
the curve of excretion is one slowly converging to the base line. The 
following extracts are made from his paper in the Indian Journal of Medical 
Research, January, 1924 : “ By studying the excretion of antimony we have 
come to the conclusion that antimonials of the type of urea stibamine are 
converted within the body into trivalent oxide of antimony, similar to what 
happens in the case of organic pentavalent arsenicals, before they are capable 
of exhibiting organotropic and parasitotropic properties. This may be 
illustrated graphically in the following way : — 

^OH 

R.Sb"^= O -> R.Sb = o 

It is possible that - Sb = O is more reactive and more powerful in its 
parasiticidal properties when an organic antimonial is changed within the 
body into one containing it than when it exists in the antimonyl tartrates. 
We may for the present assume that the parasiticidal properties of antimony 
compounds depend upon the radical - Sb = O, similar to whaf exists 
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in the case of arsenicals, in which the parasiticidal properties depend upon 
— As = O.” The amount of antimony excreted in the urine during the first 
twenty-four hours after intravenous injection of tartar emetic is about 6 per 
cent, of the amount injected. The amount of antimony excreted in the 
urine during the first twenty-four houis after intravenous injection of urea 
stibamine is 30 to 40 per cent, of the amount injected. The excretion of 
antimony after intravenous injection of a pentavalent organic antimonial 
follows a curve, the first portion of which, representing the excretion during 
the first twenty-four hours, is abrupt, and the second portion follows a course 
similar to that found in the case of tartar emetic. It is probable that a penta- 
valent organic antimonial is converted in the body into a trivalent antimonial, 
and that as long as it exists in the body in the pentavalent form its rate 
of excretion is much quicker than when it is converted into the trivalent 
form. During the latter stage the curve of excretion is similar to that of 
tartar emetic, in which antimony exists in the trivalent form. Since a great 
portion of antimony present in an aromatic pentavalent antimonial (urea 
stibamine) is quickly eliminated, the chances of toxic action of the compound 
are much less than that of an antimonyl tartrate. In the process of con- 
version of an aromatic pentavalent antimonial in the body into a compound 
containing trivalent antimony, a reactive — Sb = O is lormed, which is 
probably responsible for the remarkably beneficial results observed in the 
treatment of leishmaniasis by the use of urea stibamine. The low toxicity 
of urea stibamine, the fact that no intolerance towards the drug is likely 
to take place on account of the quick elimination of a large proportion of it, 
the fact that it is perhaps converted in the body into a trivalent antimonial 
containing a reactive — Sb = O radical, and the fact that its therapeutic value 
is very great, make urea stibamine the best of all the antimonial compounds 
that have so far been discovered for the treatment ot leishmaniasis and other 
diseases in which antimony is indicated. 

As has been proved before, clinically speaking the same conclusion has 
also been arrived at. We would close the chapter by quoting the remarks 
of Shortt and Sen, which they made in 1925 : “ We consider that the value 
of urea stibamine has been established as the most efficient drug at present 
in use in the treatment of Indian kala-azar.” This statement, according to the 
present writer, remains equally true to-day. To this may be added the 
remarks of Dodds Price : I am of opinion that urea stibamine is a most 
valuable remedy in the resistant types of the disease, and I strongly urge that 
it should be resorted to if, after a few injections of sodium antimony tartrate, 
a patient does not show marked improvement."' The author would only add 
that metallic antimony should be resorted to in those very few cases which 
may be resistant to urea stibamine, and which perhaps do not go beyond 3 per 
1,000, or less. 

Up to now the intravenous method of administration is the most effective 
form of treatment. The late Sir Patrick Manson once wrote to me as 
follows : Go on in your efforts to get an antimony compound that can 
be used as an intramuscular injection, or, better still, as a drug that can be 
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administered by the mouth/' The therapeutic value of an antirnonial depends 
upon its concentration in the tissues after administration. Unfortunately, 
ordinary antimonials cannot be administered orally, intramuscularly, or per 
rectum, in such doses as to bring about this concentration, without atthe 
same time giving rise to local distressing symptoms. The new amino-anti- 
monyl tartrates containing radicals, possessing anaesthetic properties, and to 
which the author has already referred, may be worth trial by these routes. 
Ointment of metallic antimony in a state of finest subdivision may be more 
easily absorbed and less irritating than that made with ordinary metallic 
antimony. 

^^BAYER 205.*' 

In a few cases Bayer 205 has been used by the author, but the 
results have been unsatisfactory. Others, with the exception of Yorke and 
Arcoleo, have had the same experience. Yorke reports one case which was. 
apparently benefited by this compound. 

BISMUTH. 

In a limited number of cases the author has used bismuth compounds 
in the treatment of the disease. Soluble bismuth tartrate, bismuth in the 
form of precipitated metallic bismuth suspended in isotonic salt solution 
(neo-trepol), or tartro-bismuthate of potassium and sodium (trepol) may be 
employed for the purpose. The dose of soluble bismuth tartrate is i c.c. to- 
10 c.c. of a I per cent, aqueous solution given twice a week as an intravenous 
injection. In a few cases the patient made a complete recovery. It is as 
yet too early to compare the relative curative values of antimony and bismuth 
in the treatment of kala-azar. 

Fig. 34 shows the temperature chart of a patient cured with intravenous 
injections of bismuth. 


Ancillary Treatment. 

In addition to specific treatment with antimony, symptomatic treatment 
for complications has to be given when required (see Chapter on treat- 
ment of Complications). Generally speaking, no ancillary treatment is 
nowadays needed. In some cases in w^hich the leucocytes do not increase 
with proper rapidity, the various leucocyte-increasing methods of treatment 
may be adopted, but generally they are of no avail. A short account of the 
methods that were adopted in the pre-antimony days is given by the author. 

Attempts have been made from time to time to treat the disease by local 
irritation with the idea of bringing about leucocytosis. The use of blisters 
over the spleen, or the introduction of a seton into the muscles of the arms or 
the legs, was advocated long ago in the treatment of enlargement of the 
spleen. In some cases the use of the seton was followed by a septic infection 
with an excessive pus formation, resulting in apparent diminution of the 
spleen and amelioration of the symptoms or complete cure of the disease. In 
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other cases, the treatment was not followed by any good results. In some 
places the patients used to insert a seton consisting of a piece of dirty string 
tlirough a loop of skin over the spleen, thus keeping up a constant irritation 
or suppuration. In Bengal, sometimes, a piece of dirty wood is inserted into 
the muscles of the arm or leg or over the splenic region. Sometimes the 
skin is scarified over the spleen and the leaf of a tree of the ficus order rubbed 
in, followed by the application of a powder made by burning the core of 
the jack fruit. 

Muir states that injection of turpentine increases the polynuclear 
leucocytes of the blood. He advocates a solution of one part of turpentine, 
camphor and creosote, and two half-parts of olive oil (T.C.C.O.), five to fifteen 
minims of which are injected into the muscles on both sides of the body, the 
latissimus dorsi or gluteus being most suitable. 

These injections are very painful and are not always followed by leuco- 
•cytosis, and do not seem to influence the course of the disease. Sometimes 
blisters have been caused over the splenic region by the application of liq. 
epispasticus, and ulcers produced thereby have been kept up by application of 
ung. sabinae. Sometimes, again, after cutting into the skin and subcutaneous 
tissue, aseptic glass balls have been introduced into the cuts ; the deep ulcers 
produced thereby have been kept up by the retention of these balls. Though 
it has been possible to bring about a temporary leucocytosis, the effect is 
never permanent and the ulcers tend to heal up. The effects, on the whole, 
are unsatisfactory. The author has never seen a single case cured simply by the 
injection of turpentine. 

In cases of experimental trypanosomiasis Ciuca has obtained better results 
by the combination of atoxyl with production of abscess of fixation by 
injecting 0-5 to i c.c. of essence of terebene as high as possible on the external 
surface of the thigh in cases of experimental trypanosomiasis, than with 
atoxyl alone. He thinks that the abscess of fixation produces trypanotoxyl 
more quickly and efficiently. 

It has been claimed that in cases which have hard fibrous spleen, one or 
two injections of T.C.C.O. will bring about a considerable softening and 
diminution in the size of the spleen. This, however, has never been observed 
by the author, and it is difficult to understand how the fibrous tissue of 
a fibrous spleen can be softened by its administration. As stated before, it 
may be advantageous to give an injection of trixidine in some cases to try to 
bring about inflammatory leucocytosis, and to combine with it the beneficial 
effects of antimony. 

Attempts were made by the author to bring about leucocytosis in kala- 
azar by oral, subcutaneous or intravenous administration of hetol. No per- 
manent leucocytosis has been obtained by this method. In some cases a 
temporary increase of leucocytes was obtained, but this quickly disappeared. 
In one case the patient was given more than 100 injections of hetol. 

In one case the patient was given 25 injections of nuclein in 20-minim 
doses on successive days, but no improvement followed in the leucocyte count 
of the blood. . In another case the patient was treated with hetol (gr. iij) and 
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nuclein (minims xx) given intravenously on alternate days for nearly two 
months. There was slight improvement in the general condition of the 
patient and apyrexia existed for some time. Yeast has been tried internally 
without any benefit. 

Rogers used o’l to 0*4 grm. of sodium nucleate subcutaneously. The 
effect on the leucocytes was very disappointing, frequently no increase of the 
leucocytes taking place, while in no case did any slight rise which ensued 
persist for any length of time. Phylacogens have been tried by Rogers as 
well as by the author without any good results- 

Leucocyte extract has not yet been used for bringing about leucocytosis 
in kala-azar, and may be probably worth a trial to bring about increase of 
leucocytes. Leucocyte extract was tried in tiypanosomiasis by Alexander. 
This was prepared by injecting Mellin’s food into the pleural cavities of rabbits. 
The rabbits were killed and the accumulation of leucocytes was taken from 
tbe pleural cavities and extracted with sterilized distilled water. One in- 
jection produced a very great increase of leucocytes in the blood on the 
following day. Infantile kala-azar was treated by Nicolle and Cassiito by 
hemoplase (extract of red corpuscles) in doses of 4 c.c. along with atoxyl. 
There was a great improvement in the general condition, but the patient 
subsequently died during a violent attack of dyspnoea. These methods of 
treatment have not been tried in Indian kala-azar. 

In a few cases Coley’s fluid was used by the author. There was slight 
increase of the leucocytes in some cases, but the effect was not permanent. 

Rogers made an extensive use of vaccines in the treatment of kala-azar. 
A number of cases were treated by repeated subcutaneous injections of dead 
staphylococci. In almost all of them there was marked increase of the 
leucocytes. The improvement was temporary in nature, and a time came 
when the injections of the vaccine failed to further increase the leucocytes or 
improve the general condition. Rogers further tried subcutaneous and 
intravenous injections of sensitized living staphylococcus vaccine, and 
claimed to have obtained satisfactory results by combining them with spleen 
tabloids and alkalies. 

Bassett-Smith described a case of kala-azar treated with some benefit with 
intramuscular injection of soamin (3 to 5 gr.) twice a week, together with some 
injections of an autogenous vaccine prepared from cultures of the patient’s 
own flagellates. 

Row got favourable results in the allied disease of oriental sore by injection 
of a vaccine derived from cultures of the Leishmania of oriental sore. 

The high fever may be treated with baths, and anaemia by injections of 
soamin or sodium cacodylate. Along with this, iron may be administered. 
Generally speaking, the anaemia disappears during treatment with antimony. 

According to observations made in India, the effects that may follow a 
change of climate without any specific treatment are slight, and only a very 
few cases are benefited by this. In Italy Gabbi also tried the effect of cures 
in the mountains. In a few cases of infantile kala-azar the blood improved 
and the fever subsided. The improvement, however, was only temporary. 
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SYMPTOMATIC TREATMENT AND TREATMENT OF COMPLICATIONS 

Dysentery . — Dysenteric symptoms closely allied to those of true dysentery 
may appear during the course of kala-azar. Such cases of Leishmama 
dysentery should be treated with antimony. In many cases, however, 
dysentery appears as a terminal infection, being generally of the bacillary 
variety, although sometimes amoebic dysentery may complicate the disease. 
In most cases dysentery contra-indicates treatment with antimony, and it is 
difficult to make out whether the dysentery is due to Leishinania or not. 
Bacillary cases frequently terminate fatally. Septic dysentery is almost 
always fatal. Cases which are of the amoebic variety should be treated with 
emetine. Such cases are rare, and emetine frequently fails. In some cases 
rectal injection of argyrol (lo per cent.) after irrigation of the rectum with 
normal saline or boric acid lotion may be helpful. Dover's powder with pulv. 
cretse aromaticus and tannigen may also be tried. Salol or benzonaphthol 
or dimol may also be tried. The diet should be most carefully regulated in 
cases complicated by dysentery. 

Septic Infections . — Cancrum oris is a frequent terminal complication of 
the disease. In some cases antimonial treatment leads very quickly to a cure 
of the cancrum oris. In other cases the treatment does not seem to influence 
the course of the disease and the patient dies, in spite of the antimonial 
treatment. For local treatment of cancrum oris, the part should be swabbed 
with a mixture of trichloracetic acid and glycerine (i in 8). Cotton-wool 
soaked with the above may be kept in contact with the affected part and 
changed every twelve hours. In this way the slough may separate. In some 
cases the parts have been soaked with colloidal silver with good results. 
Gargles, consisting of eusol or other antiseptics, such as electrolytic chlorine, 
flavin, acriflavin or dichloramin may be used. Irrigation with lysol and 
keeping the part constantly soaked with the same give satisfactory results. 
An autogenous vaccine may be used, but generally vaccines have not been 
found useful in the treatment of cancrum oris in kala-azar. 

The occurrence of a definite leucocytosis is a hopeful sign. Nearly all 
those patients in which it does not occur do not recover. 

Other septic conditions, such as mastoid abscesses, otitis media, deep- 
seated abscesses, &c., should be treated according to general principles. For 
the treatment of Bright's disease, pneumonia or phthisis complicating kala- 
azar, books on systematic medicine should be consulted. 

Haemorrhages should be treated with calcium lactate or the other 
haemostatics. 

Ankylostomiasis should be treated with thymol, )8-naphthol, oil of cheno- 
podium or carbon tetrachloride. 

Persistent anaemia should be treated with iron and arsenic compounds, such 
as soamin or sodium cacodylate. Intramuscular injection of blood or a 
blood transfusion is sometimes found beneficial. In many cases in which 
there is anaemia and oedema with a dilated heart, the following mixture is 
recommended 
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R Tr. ferri perchlor. 

Liq. ammon. acetatis 
Tr. digitalis 
Acid, phosphoric dil. 

Glycerine ... 

Water 

For a dose, to be given thrice a day. 


10 min. (0*5 grm.) 

1 dim. (3*9 grm.) 

5 min. (0*25 grm.) 
10 min. (0*5 grm.) 
20 min. (.1*0 grm.) 

1 oz. t3r0 grm.) 


Cirrhosis of the liver, if it is due to Leishwania, may be treated with 
antimony injections. Ascites due to pressure of cells loaded with Leislwiania 
may be cured by antimonial injections. 
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CHAPTER XV. 

RELAPSES AND RESISTANCE TO ANTIMONY TREATMENT. 

The possibility of the existence of antimony-fast Leishmonia or their 
development during treatment with antimony has not yet been fully worked 
out. In the author's experience with the treatment of kala-azar with 
antimonial preparations, he has met with the following types of cases : 
(i) Cases which quickly yielded to antimonial treatment; (2) cases that 
resisted treatment for a considerable period and slowly yielded to treatment ; 
(3) cases that seemed to be extremely or absolutely resistant ; (4) cases that got 
relapses after insufficient or improper treatment with antimony and were 
either very resistant to subsequent treatment or quickly yielded to it. 

From the above, it will be seen that cases vary in their amenability to 
antimonial treatment and that the possibility of the existence of absolutely 
antimony-resistant which may be present from the very beginning 

or develop during antimonial treatment has to be considered. 

Relapses may be divided under the following heads : (t) Relapses due to 
too early abandonment of treatment; (2) relapses in cases which seemed to 
have been apparently cured, as shown by marked improvement in the general 
condition and in the blood-picture and freedom from fever for some months. 
These latter are very rare. 

Leishmaiiia can, therefore, be divided into the following types : (i) Those 
that are quickly and completely destroyed by antimony ; (2) those that ai'e 
more slowly destroyed by antimony ; (3) those that are resistant to antimony 
from the very beginning; (4) those that become resistant after insufficient 
antimonial treatment. 

The third type is very rare with the recent treatment with urea stibamine. 
As regards the effects of treatment on i*elapses, the author has met with the 
following types of cases : (I) Those that are subsequently and sometimes 
quickly benefited by further antimonial treatment; (II) those in which 
further antimonial treatment seems to be very slow in its effects. 

As regards (I), the author found originally, before the discovery of urea 
stibamine, that metallic antimony was the best and the most powerful in the 
treatment of this type of relapses. More recently he has used urea stibamine 
with remarkable success. This view has been confirmed by others. Some- 
times the substitution of a different antimony compound in place of the one 
previously used, seems to lead to a cure and may give an impression that one 
is superior to the other. Thus the substitution of antimonyl sodium tartrate 
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in place of tartar emetic and vice versa leads to recovery in some of these 
cases of relapse. 

As regards (II), it appears to the author that in these cases antimony 
treatment must be supplemented by a combined theiapy. What such a 
combined treatment should be, is difficult to say. 

The treatment of relapses is sometimes a prolonged one, but not always so. 

The mechanism of response of Leishmania to an antinionial preparation is 
a very complicated one. While it is universally admitted that urea stibamine 
brings about sterilization of an infected individual in a much shorter time 
than tartar emetic or sodium antimonyl tartrate, it is at the same time observed 
that even with urea stibamine the time required for sterilization is variable. 
In some cases, this was brought about in seven or less than seven days and in 
a few cases in thirty-two hours. Though, in some cases, striking results were 
obtained by the intensive method introduced by Brahmachari and Maity, yet 
there is no doubt that, apart from this, some cases are more quickly amenable 
to treatment than others. What is the mechanism of this variability ? This con- 
stitutes an important line of research. Is it possible that there are in existence 
different strains of Leishmania varying in the action of antimony upon them ? 

Levaditi has propounded a general law with reference to all the members 
of the nitrogen family of elements occupying Group V of Mendelieffs 
periodic table — arsenic, antimony, vanadium, bismuth, &c. They or their 
compounds exhibit their parasiticidal properties only after they have been 
acted upon by the tissues. If fresh extract of liver is added to them, they 
become actively treponemicidal. 

It has been suggested that in the case of bismuth, the action of the cellular 
extract gives rise to a new compound, bismoxyl,” and it is this which 
possesses the destructive power against the Treponema pallidum. The 
substance in the extract which has the property of changing bismuth into 
bismoxyl has been termed “ bismogene.” 

Bismoxyr is a bismuth toxalbumin in all respects similar to those arising 
from arsenic, vanadium, or antimony. 

The present author has suggested that an antimony compound, in order 
that it may be of therapeutic value, must be converted in the tissues into a 
compound containing the radical — Sb = O in the reactive stage. Chemically, 
some of the bismuth compounds contain the radical — Bi = 0 just as some 
of the antimony compounds contain the radical — Sb = O; and it is very 
likely that the bismuth toxalbumin also contains the radical -Bi = O in the 
reactive stage. A corresponding antimony compound which may be called 
'^stiboxyr' is probably formed in the case of antimony. It has been 
suggested that metallic bismuth, finely subdivided, is more suitable for the 
production of bismoxyl when administered intramuscularly than in the form 
of a chemical compound, and the same could have been expected of metallic 
antimony but for the fact that when injected intramuscularly it gives rise 
to very severe local irritation, and is therefore unsuitable for intramuscular 
injection for therapeutic purposes. It has been recently observed by Meleney 
that in kala-azar^ clasmatocyte tissue is developed as a tissue reaction, and 
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probably, as the present writer has suggested, out of the reticulo-endothelial 
system. He would further hold that this reticulo-endothelial system gives rise 
to the production of bismoxyl or stiboxyl, as the case may be. If this were 
so, then it may be concluded that individual cases will get beneficial results 
from the use of antimony compounds proportional to the reaction of the 
reticulo-endothelium system. Two things are necessary, namely, the develop- 
ment of the clasmatocytes and the introduction of an antimony compound 
with which they can combine for the development of stiboxyl. Herein lies 
the value of the different antimonials and the superiority of urea stibamine 
over the other antimony compounds. This also explains why, with the same 
antimony compound, one individual is cured much more quickly than another 
after its administration. It is the development of the clasmatocyte cells that 
one should aim at in the treatment of the resistant cases. 

Voegtlin and his co-workers have pointed out that arsenious oxide and its 
derivatives combine with substances containing a sulphydrile grouping, and 
that the toxic action of the organic arsenoxides is depressed by the simul- 
taneous injection of excess of sulphydrile compounds. Hopkins has shown 
that one such sulphydrile compound, reduced glutathione, plays an important 
part in the hydrolytic oxidation-reduction processes of the living cell. 
Voegtlin suggests that a combination of the arsenoxides with such groups 
and consequent suppression of this vital function may explain the toxic and 
curative actions of the arsenical derivatives, and that a formation by 
trypanosomes of the sulphydrile compound in excess of its vital need may 
be the basis of acquired resistance of trypanosomes. The same probably 
takes place in the cases of Leishmaiiia, Investigations in these directions 
m.iy lead to discovery of methods of preventing the development of 
a n ti m o ny-resi stan t Leish man ia . 

In resistant cases arsenic may anchor some of the Leishmania which may 
not be fixed by antimony alone. A combined therapy of arsenic and anti- 
mony may, perhaps, be of value in such cases, just as it is in trypanosomiasis. 
The combination of substances with different points of attack in the sense of 
Ehrlich’s laws of distribution of medicaments and poisons may enable us to 
produce combinations of sterilizing substances which may be of value in 
resistant cases. Whether the combination of three remedies, as has been 
suggested by Ehrlich and Tsuzuki in trypanosomiasis, or more or less than 
this number, would constitute the most potent treatment of resistant cases of 
kala-azar with the least toxicity, will be settled by further investigation. 

A combination of antimony, arsenic and bismuth is a possibility for the 
treatment of such cases. This combination has been recommended by 
Cushny in the treatment of trypanosomiasis. 

Fortunately, under treatment with urea stibamine, relapses and resistant 
cases are very rare. In cases of relapse after treatment with the antimonyl 
tartrates, patients should be treated with urea stibamine, and in most cases the 
results will be satisfactory. 
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CHAPTER XVI. 

DERMAL LEISHMANOID. 

Synojiyms . — Dermal Leishmaniasis (Brahmachari), Megaw, 1922; Post- 
Antimonial Dermal Leishmaniasis (Brahmachari), Megaw, 1922; Brahma- 
chari's Dermal Leishmaniasis, Megaw, 1922 ; Post-kala-azar Dermal 
Leishmaniasis, Acton and Napier, 1927. 

In February, 1922, the author read a paper to the Asiatic Society of 
Bengal on a New Form of Cutaneous Leishmaniasis which developed in a 
case of kala-azar cured by antimonial treatment, and which was subsequently 
described by him in the Indian Medical Gazette in April, 1922, under the 
name of Dermal Leishmanoid. Of all the names suggested this name seems 
to be the most convenient, on account of its simplicity, and especially in 
view of the fact that the disease is frequently recognized by the medical 
profession under this name. A number of such cases have been observed by 
the author and others since the disease was first described, and it seems to be 
more common than originally supposed. 

The eruptions generally appear about a year after completion of the 
antimonial treatment of the original disease, as whitish patches on the face, 
the trunk, and the extremities, associated with papules and nodules, especially 
marked on the face and sometimes on the scrotum. In the first case, published 
in the Indian Medical Gazette, the blood and scrapings from the lesions were 
examined for the author by Dr, S. N. Ghose, Bacteriologist, Presidency 
General Hospital, Calcutta, and the eruptions presented the following 
characters (see Plate IX) : — 

(1) On the face there were papillomatous nodules, in some respects 
resembling small leprotic nodules. Smears from these showed the presence 
of Leishman-Do novan bodies. 

(2) There was a slight erythematous rash on the cheeks and forehead, 
and similar patches on the extremities, especially the lower. 

(3) On the trunk, the upper and lower extremities, there were slightly 
raised brown patches which were extensively spread over the whole body. 
Leishman-Donovan bodies were found in the smears from the patches. A 
few papules were found among these patches. 

(4) There was no ulceration or scab formation in any part of the body, 
no anaesthesia, no loss of knee-jerks, and no thickening of the nerves. No 
eruptions occurred in the mucous membrane of the mouth and nostrils. 
The liver and spleen were normal. On examination of the splenic blood by 
spleen puncture, no Leishman-Donovan bodies were found. There was 




Fig 35. — Section of skin showing giant cells containing 
Leishtnan-Donovan bodies 



Fig. 36. — Section of skm showing a pigment- 
carrying cell containing Leishman-Donovan 
bodies. 


Fig. 37. — Section of skin showing a highly 
magnified giant cell containing a large number of 
Leishman-Donovan bodies* .1 ■' i z. i. . 








PLATE VIIL 



Dermal Leishmanoid with positive flagellate culture from the peripheral blood 
in an imperfectly cured case of kala-azar. (Original.) 


Face p. 150. 
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no rise of temperature. The patient complained of no other trouble, except 
the ugly appearance of the body due to the eruptions. 

Result of blood examination showed : Haemoglobin, 75 per cent. ; 
4,500,000; W.B.C., 10,000; polymorphonuclears, 62 per cent. ; lymphocytes, 
24 per cent. ,* large mononuclears, 6 per cent. ; eosinophils, 8 per cent. The 
blood-picture did not correspond to that of kala-azar. No Leishman-Donovan 
bodies could be detected in the peripheral blood. 

A series of experiments were performed in order to determine whether 
dagellates developed from the Leishman-Donovan bodies, which had 
apparently been modified in their virulence by a course of antimonial 
treatment, and also to determine whether, if monkeys could become infected 
by transmission, a local or general disease would be produced. 

The following are the notes on the cultural and inoculation experiments 
kindly made for me by Major Knowles, in one of the cases : — 

(1) One of the nodules of the right arm was pricked, and the blood which 
oozed out was inoculated into N N N medium and incubated at 22°C. Flagel- 
lated bodies were found after twelve days ; these were indistinguishable 
from those of Leishmania donovani (Plate X, fig. 2). 

(2) The culture and smears from the peripheral blood of the patient and 
examination of the splenic blood all gave negative results. 

(3) A monkey {Macacus rhesus) was inoculated in both eyebrows by 
embedding bits of granulomatous nodules into pockets cut in them. After 
one and a half months marked granulomatous growths were observed over 
the sites of inoculation in both eyebrows. Small secondary nodules were 
also observed at the outer and inner canthuses of the eyes. One of the nodules 
at the original site of inoculation was incised and smears were made from it. 
A fair number of Leishman-Donovan bodies were present, most of which were 
intracorpuscular and a few only being extracorpuscular (Plate X, fig. 3), 

(4) No ulceration was observed over the nodules after two and a half 
months, the raw surface left after incising one of the nodules having 
healed up. 

(5) Blood examination and cultures made from the peripheral blood of 
the monkey gave negative results a month and a half after inoculation. The 
smears from the liver of the monkey and cultures from the same organ on 
N N N medium gave negative results, a month and a half after inoculation. 

HISTO -PATHOLOGY (MODIFIED FROM SHORTT). 

The following is the description of the histo-pathology of the nodules cut 
in a direction perpendicular to the surface of the skin. 

The lesions appear to be specific infective granuloma. 

APPEARANCES UNDER A LOW POWER (fig. 38, and Plate X, fig. 4). 

The first glance shows that there is a profound alteration in the structure 
of the superficial tissues. This alteration implicates both the epidermis and 
the cutis vera, and these will be considered separately. 

Epidermis . — ^The structural modification here consists in a uniform 
attenuation of the epidermis affecting all the recognized layers, but most 
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evident in the rete mncosum on account of the relative diminution in number 
and length of the finger-like processes usually associated with this layer in 
normal skin. While the thickness of the epidermis is thus greatly reduced, 
there is, at the same time, no tendency for this process to proceed to the 
extreme degree of ulceration. 

Cutis vera . — It is in this region that the most striking changes are manifest. 
The normal condition of dense connective tissue, merging gradually into the 
more open subcutaneous tissue, is entirely replaced by what appeals to be a 



Fig. 38. — Section of skin in dermal leishmanoid. After Shortt, in Shortt and Brahmachari’s 

paper. (Low magnification.) 

(From the Indian Journal of Medical Research^ January, 1925 ) 

dense infiltration of cells, forming a deep layer sharply differentiated from 
the underlying open structure of the subcutaneous tissue. This cellular layer 
averages in depth about nine times the depth of the epidermis. 

APPEARANCES UNDER A HIGH POWER (figs. 35, 36, 37 and 39, and 

Plate X, fig. 5). 

Epidermis . — Beyond a diminution in the thickness of the layers the minute 
structure is unaltered. 

Cutis vera . — ^This appears to be composed of a very primitive connective 
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Fig. 1. — Leishmania donovam in a smear from a papule. Some few are free and 
extracorpuscular, but most are inside leucocytes and endothelial cells. (Eye-piece 4 
Objective oil immersion.) 
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Fig 2 — Flagellate culture on 
N N N medium twelve days after 
incubation at 22° C. (Eye-piece 4. 
Objective i j oil immersion.) 


Fig. 4. — Section through a skin papule of a patient. Round-celled infiltration with 
fibroblasts and thinning of the epidermis. (Low magnification. Eye-piece 4. Objective 
Zeiss A ) 




Fig. 3. — Letshmama donovam in 


Fig 5 —The same section as in fig. 4, showing a network of newly-formed a smear from a nodule of the eye- 
capillaries and thickening of the capillary wall. (Eye-piece 4. Objective lid of a monkey. (Eye-piece 4. 
Zeiss D.) Objective tV oil immersion.) 


(Original.) From the Indian Journal of Medical Research, April, 1923. 
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Once the primitive cell has become definitely differentiated into a stroma cell 
or into capillary endothelium, it seems to lose its power of active phagocytosis. 
The parasitized cells are mainly situated close under the epidermal layer and 
become fewer in number in the deeper parts of the tissue. Many of these 
cells, besides containing parasites, enclose abundant pigment granules. The 
behaviour of the pigment cells of the epidermis in the affected portions of 
the skin is very interesting. They appear to be infected with Leishinania 
from the very earliest stages of the skin lesions. Some of them become 
very much swollen (see fig. 36), due to the presence of Leishinania, others 
probably take on the character of spindle cells and appear to be converted 
into fibroblasts. The parasitized pigment cells tend to migrate from the lowest 
layer of the epidermis into the granulation tissue. 

The areas of de-pigmentation noticed over the nodules contain much fewer 
pigment cells than in the adjacent structure of the healthy skin, and this de- 
pigmentation is partly to be explained by the migration of the parasitized 
pigment cells. The connective tissue underlying the mtis vera is quite 
normal in appearance. 

Here and there the endothelium of the large capillaries is hypertrophied 
and the wall thickened. In some cases this occurs to such an extent that the 
capillaries are almost obliterated. On the wall of the thickened capillaries and 
in their endothelial lining Leishman-Donovan bodies are seen. The skin 
over the papillomatous nodules is slightly pigmented and the stratum 
cornium is very thin. 

On the whole the pathological changes in the skin are very similar to 
those present in a non-ulcerated oriental sore (see Plate X, figs. 4 and 5), 
and no break of continuity of the epidermis is observed over the nodules as 
shown by ulceration. 

The Leishman-Donovan bodies are best seen in smears from the scrapings 
from the granulomatous nodules. In these smears they apparently appear 
as free parasites. On careful examination they are found inside large 
mononuclear leucocytes, and rarely inside the polymorphonuclears. More 
commonly, they are found inside other large cells, which possibly originate 
from the endothelium (Plate X, fig. i). Parasites are also found in the 
brown patches. 

After attention was drawn to the disease by the author, cases have been 
studied by Acton. An early de-pigmented stage, a later nodular stage and a 
xanthoma type of the disease in which there is a tendency towards fibrous 
tissue formation and constriction of the venules and subsequent dilatation 
have been described (Acton and Napier). It is stated by them that the 
nodules appear in the place of de-pigmented patches. 

In the author's experience the disease first shows itself as erythematous 
patches over the skin before any de-pigmentation or nodule appears in the 
skin. Besides nodules may appear in places where there have been no 
de-pigmented patches, and there may be extensive areas of de-pigmentation 
lasting for several months without any tendency towards formation of nodules 
in their place. Further, the tendency towards fibrous tissue formation is 
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slight, just as in the case of the spleen in kala-azar. When the cases recover 
the skin assumes its normal appearance without any sign pointing to the 
presence of increased fibrous tissue formation. 

Besides the above, the following types of infection of skin with Leishmania 
donovani have been observed. 

(1) Dermal lesion in imperfectly cured cases of kala-azar, in which 
positive flagellate culture was obtained from the peripheral blood at the time 
of observation (see Plate VIII). 

In the case shown in the Plate (VIII), with positive flagellate culture from 
the peripheral blood, the patient was at first treated with sodium antimonyl 
tartrate, and when the nodular eruptions appeared on the body, he was 
treated with stibosan without any beneficial results. When he came under 
the observation of the author and Dr. A. M. Dutt, of the Calcutta Medical 
College, he was still suffering from kala-azar with the skin eruptions. He was 
completely cured of kala-azar after treatment with urea stibamine, the skin 
lesions slowly but subsequently completely yielding to a prolonged treatment 
with the compound {Indian Journal of Medicine 2.nd Calcutta Medical Journal^ 
February, 1927). This is the same case as Case 6 described in Acton and 
Napier’s paper on post-kala-azar dermal leishmaniasis (1927). 

(2) Cases of dermal lesion showing Leishmania donovani in the skin in 
which there was no previous history of kala-azar and observed in endemic 
areas of the disease (Annual Report of the Calcutta School of Tropical 
Medicine, 1925, and Indian Journal of Medic in September 1926)- 

It is impossible to say with certainty whether the skin lesions in this type 
are due to infection by Leishmania donovani or Leishmania tropica, though 
the fact that the patients came from places where Leishmania tropica is 
unknown, and Leishmania donovani infections are very common, goes 
strongly in favour of their being due to infection by the latter. 

(3) Untreated cases of kala-azar, in which sometimes Leishman-Donovan 
bodies may be found in minute papules in the skin, as was observed by 
Chi istophers. 

The skin eruptions under (2) and (3) quickly disappear under antimony 
treatment. 

We like to extend the term dermal leishmanoid to signify skin lesions due 
to L. donovani in cases which manifest no signs of internal leishmaniasis 
either as a result of previous treatment with antimony or without it. In those 
cases in which the skin lesions appear about a year after the patient has been 
cured of kala-azar, the leishmania in the skin are very resistant to subsequent 
antimony treatment. 

Cases of dermal leishmanoid are not so uncommon as was originally 
supposed by the author. Skin lesions due to L, donovani in imperfectly 
cured cases of kala-azar may perhaps be also termed dermal leishmanoid. 
(See Addendum for further observations on peripheral lesions due to 
L. donovani,) 



CHAPTER XVII. 


PROPHYLAXIS. 

(A) India. 

Rogers was of opinion that the disease was caused by a house-infection, 
and he recommended that all patients from houses where the infection had 
first occurred should be removed to a place at some distance from the 
infected area. 

The Garos, in the early stages of the Assam epidemic, learnt that the best 
way to escape being more than decimated by the scourge was to move from 
the infected villages to a new site. Dodds Price, suspecting the disease to be 
infectious, placed in a tea garden a number of freshly imported coolies in 
newly-built lines of houses, while the remainder had to be accommodated 
in infected lines for want of room. It was ascertained by him that 
although none of those in the new lines had suffered from kala-azar during 
two years they had been in this badly-infected tea garden, yet no less than 8 per 
cent, or i6 per cent, of those placed in the old lines were already .dead of the 
disease, and that, too, in spite of the fact that the new lines were but 300 yards 
from the old ones. 

Dodds Price next took the further step of moving all the healthy people 
out of infected houses to new ones on a fresh site. A large number of 
fresh coolies were also drafted into these new lines. Eighteen months later 
no case of kala-azar had occurred among them, and the lines remained free 
from kala-azar in subsequent years. This experiment was repeated with 
good results. In slightly infected lines only the affected households were 
segregated and their houses burnt, this measure being also of value, although 
less effective than the former ones. 

Attempts were made by Dodds Price to destroy all forms of insect life in 
the infected houses and those around them in a cooly line in which kala- 
azar cases continued to arise each cold weather. The houses were fumigated 
with burning sulphur, the beds thoroughly washed with . strong boiling 
carbolic lotion, the clothes either boiled in the same solutio.n or destroyed, 
while the blankets were all burnt as most likely to harbour bugs. 

All the above measures have not met with any permanent success. Rogers 
suggested that disinfecting operations, somewhat similar to those just men- 
tioned, should be carried out in endemic areas in houses where kala-azar 
patients lived. In this way, he thought, much might be done to reduce 
the spread of the sporadic form of the disease among Anglo-Indians in 
Calcutta. It does not, however, appear that the disease is getting less 
common among these people in Calcutta by the adoption of these segregation 
measures. 
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The preventive measures that have been adopted in Assam have, until very 
recent!}’, met with a partial amount of success. The following notes on the 
preventive measures adopted in Assam are extracted from McCombie Young's 
Kala-azar in Assam (1924). Before the discovery of antimonial treatment, 
compulsory evacuation of the infected site was the only available preventive 
measure. Dodds Price adopted measures of removal and segregation of infected 
individuals in certain tea gardens with apparently successful results. Similar 
operations were commenced by the Government of Assam, in Golaghat, in 
1912. The infected family and patients were removed to a distance of not less 
than 300 yards from the infected house, and the infected house was burnt 
down and with it all the less valuable property of the inmates, compensation 
being paid for their destruction, and any valuable property disinfected. It 
was, however, found that removal of the infected family alone was not sufficient 
to eradicate the infection from a village, for in the year after their removal 
fresh cases of kala-azar were found among the neighbouring houses. Pleasures 
were then taken to move, as contacts,'* the families who lived in the 
immediately adjoining houses. This was moie successful, but the process 
had often to be repeated, year after year, as the disease recurred in houses 
beyond the excised area. In several instances, and particularly in an old- 
standing infection, it was found that it would have been better to move 
the whole village in the first instance rather than to move sections of the 
village in successive years, for the mortality would have been less and the 
cost the same. At first these operations seemed to give a promising measure 
of success, and the opinion was expressed in 1916 that ^'if no new factors arise 
to vitiate our calculations, we may look for the extinction of the disease in 
this aiea within a year or two." This hope was not realized, for a new factor, 
the influenza epidemic of the cold weather of 1918-19, changed the whole 
situation, and there was a recrudescence of the disease in areas in which it had 
been dormant and it threatened to spread to previously uninfected areas. The 
Government of Assam enacted certain measures of control under the provisions 
of the Epidemic Diseases Act. The regulations provided for the notification, 
on the recommendation of the Sanitary Commissioner, of any village area 
found to be infected with kala-azar, for the prohibition of migration from that 
area, and for the compulsory removal of any of its inhabitants from an infected 
site, and for the destruction of the infected house and property. The infected 
families, that is to say those in which a case of kala-azar was discovered, were 
grouped in an ^'infected camp,” “contacts,” i.e., their neighbours and any 
other families which for any reason were under suspicion, were located in 
another group of houses, forming the “ contact camp.” The remainder were 
located in a “ healthy camp,” which was meant to form the nucleus of a new 
village. There was no migration from notified areas, and the intercommuni- 
cation with uninfected villages was greatly limited and chiefly confined to 
visits between relatives. It appears that removal of a community from an 
infected site and treatment of those among them who are infected with kala- 
azar would terminate the outbreak in that particular community, but the 
method is prohibitively expensive upon a large scale. In spite of the effective 
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prevention of migration from infected areas and limitation of communication 
between infected and healthy villages, it was found that a gradual diflfusion of 
the disease took place, and year after year a fresh crop of new infections was 
discovered in previously uninfected villages to which the same expensive 
measures of removal and control had to be applied. When the general 
recrudescence which followed the influenza epidemic had to be faced, ex- 
perience showed that segregation on the scale which would be necessary to 
deal with a widespread prevalence would be prohibitively expensive and 
administratively impossible. It was accordingly found necessary to retire to 
the second line of defence which the introduction of intravenous tartar- 
emetic treatment had provided. 

Treatment as a method of prevention was originally put forward as an 
alternative to the methods of prevention by segregation by Knowles, in 1920. 
The results were found to be encouraging. Early treatment of the first one 
or two cases seemed to control an outbreak. In some cases it appears to 
extinguish it entirely, perhaps by preventing the establishment of the con- 
ditions of site infection, if the first case acquired his infection elsewhere. In 
practically all cases it seemed to prevent the outbreak assuming extensive 
proportions. The indications seemed to be that where only one case came 
under obseiwation and treatment at an early date, there was a reasonable 
chance that no more cases would be seen. When several cases are seen for 
the first time, and if they have remained for some time unrecognized and 
untreated, and the opportunities for the establishment of site infection 
have been ample, then no amount of treatment of cases seems be able to 
extinguish an outbreak, and under those circumstances a perennial crop of 
cases may be expected. It seems that early compulsory treatment has a 
distinct preventive action where it is efficiently applied in the early stages of 
a village infection, but removal to a fresh site is still necessary to terminate an 
infection when it has become deeply rooted by delay in action. 

The treatment campaign against kala-azar in Assam has been of immense 
value as a prophylactic measure. The present-day campaign against the 
disease in Assam is well described in Health Bulletin No. 9 (CJovernment of 
India Central Publication Branch, 1927), containing the Treatment Campaign 
against Kala-azar, Assam, as drawn by Major Murison, Director of Public 
Health, Assam, and the following extracts are made therefrom : — 

"The treatment of the disease in Assam with tartar emetic began in 1919, 
when only a comparatively small number of cases were treated. In the 
special kala-azar dispensaries and out-centres, sodium antimony tartrate, manu- 
factured by Messrs. Burroughs Wellcome & Company, London, and put up in 
'soloid' form, is used exclusively. It is passed through a severe test for 
purity before being supplied to the Assam Government. Treatment with 
.sodium antimony tartrate, in i per cent.solution, given in divided and increasing 
doses over a period of three months, is the method employed. 

“Although treatment with this drug has been very successful, it has the 
disadvantage of being long and tedious. Treatment is therefore difficult to 
enforce, as patients who have been completely incapacitated by the disease 
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improve so considerably after a few injections that they discontinue treatment 
altogether or attend very irregularly. This irregularity makes it very difficult 
to effect complete cures. In spite of the regulations in force under the 
Epidemic Diseases Act to compel patients to undergo a complete course of 
treatment, our campaign against the disease is being greatly handicapped by 
the large number of patients who are stopping treatment. 

“To overcome this difficulty communiques are being regulaxly issued 
inviting the co-operation of the people. Much propaganda work is being 
done by means of lantern demonstrations and illustrated posters and pamph- 
lets on the disease, emphasizing the grave dangers of stopping treatment 
before a complete cure has been effected. This has had some effect in re- 
ducing our ‘stopped treatment' cases. It was felt that the above difliculties 
would be still further overcome if some drug could be introduced which was 
not only as efficacious as sodium antimony tartrate but took a much shorter 
time to effect a cure." 

In 1922 the attention of the Government of Assam was drawn to the most 
brilliant results obtained by Major Shortt in the treatment of kala-azar, while 
working under the auspices of the Indian Research Fund Association at the 
Pasteur Institute, Shillong, by the use of urea stibamine which was sent to him 
by the present writer at the request of Colonel Greig, Director of Medical 
research. 

After trial, as an experimental measure, the Government of Assam gave 
sanction in the middle of 1925 to the treatment of all indoor kala-azar patients, 
and a certain percentage of outdoor patients attending the indoor hospitals, 
with urea stibamine (Brahmachari) and '‘471.'' ''The results achieved,” the 
Bulletin states, “have proved most satisfactory and encouraging." 

" Iiisirnctions for Treatment of Kala-Azar Cases ivith Urea stibamine {issued in 

the Bulletin), 

“(i) Urea stibamine^ an organic compound of antimony, is a pinkish- 
coloured powder and is usually supplied by the Government of Assam in 
I grm. ampoules, though smaller amounts in capsules are now being issued. 
The ampoules should be examined for cracks or breaks, and any doubtful 
ampoules should be rejected. 

{2) Equipment Necessary, — (i) Urea stibamine (in sealed ampoules); 
(2) distilled water ; (3) 50-c.c. measures with rubber cap ; (4) spirit lamp ; 
(S) test-tube holder; (6) Collins' syringe, 10 c.c. one ; (7) rubber tubing for 
tourniquet ; (8) tincture of iodine ; (9) sterilizer ; (10) cotton-wool. 

“ (3) Distilled water and, if possible, freshly distilled water only must be 
used in making up the solution of the drug, or serious accidents may occur. 
Stills or distilled water will be supplied, also test-tubes marked at 50 c.c. 

“(4) To Make the Solution. — Take one of the marked test-tubes, cleanse it 
thoroughly in clean boiled water with a brush. If any acid, alkali, chemical 
or dirt has been allow^ed to get into the tube, every trace must be carefully 
removed and the test-tube finally washed with distilled water. Place about 
60 c.c. distilled water in the test-tube. Put on a rubber cap over the mouth 
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of the test-tube. Now perforate the cap with a hypodermic needle and leave 
the needle sticking through the rubber cap partly in and partly out, but see 
that the point of the needle does not reach the level of the water inside. Diy 
the outside of the test-tube to prevent cracking, and gently heat over the flame 
of the spirit lamp till the water boils quietly for four minutes. The steam will 
escape through the needle. Stand test-tube to cool. Urea stibamine mmi not 
be dissolved in hot water. When cool, carefully remove needle and cap with 
forceps heated in spirit lamp, taking care not to contaminate the boiled water 
or the edge of the test-tube with the hand or unsterilized instrument. Pour 
off excess of water down to 50-c.c. mark. Take i grm. ampoule, file the neck 
and break off point. Sterilize the cut end of the ampoule only by passing 
it through the flame and allow to cool. Pour the whole contents of the 
ampoule into the test-tube containing the 50 c.c. of cool but recently boiled 
distilled water, replace the rubber cap aseptically and shake gently till the drug 
is completely dissolved. This will make a 2 per cent, solution of urea 
stibamine. The solution must always be freshly made just before use or 
accidents may occur. The solution should not be heated, and any of the 
solution not used at the time must be thrown away. If it is desired to make 
smaller quantities of solution, the amount of water for this may be drawn from 
the test-lube after it cools into a sterile 10- or 20-c.c. syringe. The rest of the 
boiled water in the test-tube should be thrown away and the measured quantity 
in the syringe returned to the marked test-tube. The correct amount of urea 
stibamine should now be added to make a 2 per cent, solution. The test-tube 
should always be cleaned with distilled water after use. 

“ Dosage. 

“ ( 5 ) (^) For adult begin with 0*05 grm. and increase by 0*05 grm. until 
0*2 or o'25 grm. at each dose is reached, thus : — 

First dose, O’OS grm. or 2*5 cx. of the 2 per cent, solution. 

Second dose, 0*1 grm. or 5 c.c. of the 2 per cent, solution. 

Third dose, 0*15 grm. or 7*5 c.c. of the 2 per cent, solution. 

Fourth and every subsequent dose, 0*2 grm. or 10 c.c. of the 2 per cent, solution. 

“(6) For children between the ages of 5 and 12 years, half the adult dose, 
thus : — 

First dose, 0*025 grm. or 1*25 c.c. of the 2 per cent, solution. 

Second dose, 0*05 grm. or 2*5 c.c. of the 2 per cent, solution. 

Third dose, 0*075 grm. or 3*75 c.c. of the 2 per cent, solution. 

Fourth and every subsequent dose, 0*1 grm, or 5 c.c. of the 2 per cent, solution. 

^'(c) For children between i and 5 years of age, one-third the adult dose, 
thus ; — 

First dose, 0*01 grm. or J c.c. of the 2 per cent, solution. 

Second dose, 0*02 grm. or 1 c.c. of the 2 per cent, solution. 

Third dose, 0*03 grm. or 1*5 c.c. of the 2 per cent, solution. 

Fourth and every subsequent dose, 0*04 grm. or 2 c.c. of the 2 per cent, solution. 

(6) Frequency of Injection . — Injections should be given at an interval of 
one day, e.g., on the first, third, fifth, seventh, &c , or at an interval of two 
days, whichever may be convenient, e.g., on the first, fourth, seventh, tenth, 
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thirteenth, sixteenth, &c., day. Treatment must be given at least twice a 
week regularly to be of value, the first method being preferable, 

(7) Contra-indications. — In (i) severe dysentery developing during treat- 
ment ; (2) marked nephritis with oedema. In both these the dose should be 
largely reduced. In (3) very advanced cases, begin with a smaller dose, or give 
at longer intervals. Such special cases are, however, rare. 

^^Sterilization of Syringe and Needles. 

(8) Sterilization is effected at a temperature of 160° C, in melted 
vaseline. 

Method. — Erect folding stand. Place spirit lamp below the opening, and 
the aluminium dish, three-quarters full of vaseline, on the stand, fix the 
thermometer in the holder with the bulb dipping into the vaseline. Place 
the needles to be used in the vaseline. 

''When the temperature reaches 100° C., draw up the melted vaseline into 
the syringe without the needle. Retain for a few seconds and then eject the 
vaseline back into the sterilizer. When the temperature of the vaseline 
reaches 160° C , fill and empty the syringe again in the same manner. Pick 
up the needle from the vaseline with the forceps and fit it on the syringe. 
Again fill the syringe with the hot vaseline. Eject the vaseline into the 
sterilizer and turn the syringe needle due upwards. Push down the plunger 
quickly so as to clear the needle of vaseline. Allow to cool. To ensure 
that the needle is not blocked with vaseline in cooling, press down the 
plunger. If the needle is blocked, dip it into the vaseline for a second 
or two, withdraw it, and then press down the plunger to remove the hot 
melted vaseline. When the temperature of the vaseline in the sterilizer 
reaches 160° C. turn down the spirit lamp flame so as to maintain it at this 
temperature. Record syringes cannot be so sterilized without risk of 
breaking, 

" (9) Injection, — Sterilize the top of the india-rubber cap of the test-tube 
containing the solution by dipping in boiling water. Tilt the test-tube, 
plunge the needle of the sterilized syringe through the cap and draw into the 
syringe the required quantity of the solution. Avoid all air bubbles in the 
syringe. Choose a suitable vein in the patient’s arm, sterilize the skin over it 
with tincture iodine, then proceed to give the injection in an exactly similar 
manner as with sodium antimony tartrate injections. The patient must be 
made to remain sitting or lying near the place of injection for at least a 
quarter of an hour after being injected. 

Concluding Remarks. 

“ It is a well-known fact that before any treatment for kala-azar was 
known, at least 90 per cent, of those attacked succumbed to the disease. 
Taking the figures for the past six years, we find that 185,054 patients suffering 
from the disease have been treated, of which 166,545 would undoubtedly have 
died without proper treatment. The benefit conferred on Assam by this 
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campaign against the disease can be estimated when it is realized that the 
treatment has converted a death-mte of 90 per cent, into a recovery-rate of the 
same percentage. We have good reason to hope that we shall one day be 
successful in stamping the disease out of Assam.” 

In one of his recent reports on the treatment campaign against kala-azar in 
Assam, Major Murison points out that the most up-to-date treatment with 
urea stibamine was now available free of cost to all kala-azar patients and 
not far from patients’ homes. As regards propaganda work, he makes the 
following remarks : "It is the earnest request of the Public Health Board to 
the general public to endeavour to make the treatment campaign against the 
disease more effective by inducing all patients to undergo a complete course 
of treatment as soon as the disease is detected. An untreated, or a partially 
treated, kala-azar patient continues to be infectious to others. In the interest 
of the public health, and in the hope of eradicating the disease, it is therefore 
the duty of all educated people to induce such patients to undergo a complete 
course of treatment as early as possible." 

No speculative suggestions are made by me in this treatise for the destruction 
of, or protection against, sandflies as a prophylactic measure, since they may 
be as valueless as any that could have been formulated a few years ago for 
the destruction of bed-bugs, which were once supposed to be the carriers of 
the disease. Instead of asking the poor patient to adopt measures which may 
be expensive for him to carry out, and subsequently turn out to be ineffective, 
we would like to wait till the transmission problem is solved. 

(B) Mediterranean Countries. 

No organized prophylactic measures have hitherto been instituted. 
Lignos advocated the destruction of all the dogs on the island of Hydra. The 
researches of Massaglia, Marshall, Pereira da Silva, Gabbi, and many others 
have shown that the flea can play no part in the transmission of the disease. 
Destruction of dogs in an infected area may, therefore, be of doubtful value. 
Basile, however, claimed that in Bordonaro, in Sicily, where a high percentage 
of naturally infected dogs occurred, the extermination of these animals led to 
an almost complete disappearance of the human disease (1916). 

The apparently beneficial results following measures for the destruction 
of bugs may be due to the destruction of some other unrecognized blood- 
sucking insect which may be the true carrier of the disease. If this turns out 
to be the sandfly, then measures against it will have to be devised. 

The fact that a previous attack of the disease confers an immunity in 
a large percentage of cases, and that the disease spreads slowly from one place 
to another even when showing epidemic manifestations, makes it possible that 
an intensive mass treatment with a specific should lead to its eradication. 
This is the basis of the present-day campaign against kala-azar in Assam. 

For a specific to be useful in prophylaxis, it should primarily be of very 
high therapeutic value. It must also be very quick in its action, so as to reduce 
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the chances of infection from one person to another, and to avoid the 
disadvantages of long and tedious treatments. Such a specific for kala-azar 
has been found in urea stibamine, as extensive observations in campaigns 
against kala-azar have conclusively proved. 

The following extract from the speech of His Excellency Sir John Kerr, 
while bidding farewell to the second Legislative Council in Assam (1926), 
shows the value of this campaign. After referring to the value of the treatment 
of kala-azar with urea stibamine, His Excellency said : “We may now say 
that victory, if not in sight, is assured. The progress in the campaign against 
kala-azar in Assam has been phenomenally rapid, and if it continues at the 
present rate there is an excellent prospect of the dread scourge being brought 
under complete control in a few years.” 



APPENDIXES. 


I. 

LABORATORY METHODS. 

No attempt will be made to discuss in detail the various laboratory methods 
and apparatus here referred to. Only a short account will be given of them 
with special reference to what are necessary in the diagnosis of kala-azar. 
For details the reader should consult books on clinical laboratory diagnostic 
methods and on hasmatology. 

ESTIMATION OF HiEMOGLOBlN OF THE BLOOD. 

The most exact method is by the estimation of the amount of iron (dry 
haemoglobin containing 0*42 per cent, of iron) in the ash of a given specimen 
of blood, but this is a somewhat complicated process and is hardly applicable 
in general practice or clinical work. 

For bedside estimation Tallguisfs scale is frequently used. It consists of a 
scale of colours and blotting paper strips to suck up blood for examination. 
The finger or the eai’-lobe is sterilized by means of absolute alcohol, which is 
then allowed to dry. It is pricked by means of a lancet-shaped sharp needle 
with a firm quick stab and, if possible, no pressure should be exerted. The 
first drop of blood is wiped away. The blood is then sucked up in one of the 
strips of blotting paper and allowed to dry on it, and the tint obtained is 
compared with the scale by direct light and the haemoglobin thereby 
estimated. 

For more accurate estimation Haldane’s modification of Gower’s haemo- 
globi nometer may be used, if coal gas is available. The standard of comparison 
is a hermetically sealed tube filled with a solution of haemoglobin saturated 
with carbon monoxide gas. This keeps unchanged for years. A few drops of 
distilled water are placed in the graduated measuring tube supplied with the 
instrument. A small quantity of blood is drawn up to the graduated mark in 
the pipette supplied for the purpose, and is then ejected into and mixed with 
the distilled water in the measuring tube, and a stream of coal gas is then 
passed through the blood by means of a cap for attachment to the gas-burner. 
This converts the haemoglobin present in the blood into carbon monoxide 
haemoglobin. It is then diluted with water to match the standard. 

As coal gas is not always available, the instrument is frequently supplied 
with an additional standard tube containing picro-carmine jelly, as in the 
original Gower’s haemoglobinometer. This is liable to slow alteration in 
keeping. It should be kept in the box and not exposed unnecessarily to 
light, to avoid alteration. 
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In Sahli’s instrument, a standard solution of acid haematin is used for the 
purpose of comparison. This is claimed by some observers to keep even 
better than the carbon monoxide hemoglobin solution used in Haldane’s 
apparatus, but others deny this. 

Among other hemoglobinometers may be mentioned the original Gower’s, 
Fleischl’s and its modification by Meischer, Kuttner’s modification of Sahli’s, 
Oliver’s, Dare’s, Newcomer’s, &c. 

ENUMERATION OF BLOOD-CORPUSCLES. 

This is effected by means of a hemacytometer. It consists of a counting 
slide with a chamber and two pipettes for diluting the blood for the purpose of 
counting the erythrocytes and leucocytes, which may be conveniently named 
erythrocytometer and leucocytometer respectively. Slides with various kinds 
of counting chambers have been devised, of which two are mentioned here, the 
Thoma-Zeiss or the closed chamber, and Burker, or open with two counting 
chambers side by side for counting erythrocytes and leucocytes. The first 
one is used by most workers in India, while the latter is very popular in America. 
Similarly, various modifications of the rulings of the slides have been devised. 
The Neubauer ruling with the Thoma ruling in the centre is very convenient. 

The following formula is applied in estimating the number of corpuscles 
in one c.mm. of blood with Thoma-Zeiss haemacyto meter or with one having 
similar ruling : — 

No. of corpuscles = , where A is the number of corpuscles 

counted, Z is the dilution used, and N is the number of squares counted. 

From the above formula a simple method for counting the corpuscles can 
be deduced, which consists of adding four ciphers to the number of cells 
present in eighty small squares in a dilution of i : 200, or in forty small squares 
in a dilution of i : 100. 

Generally speaking, it may be laid down that the higher the dilution and at 
the same time the greater the number of squares counted, the more accurate 
is the counting. 

The dilution of the blood frequently employed for counting the erythrocytes 
is I : 200, but in cases of severe anaemia it is more convenient to use a 
dilution of 1 : 100. 

Ordinarily, the leucocytes may be counted with either of the two pipettes 
described above. The erythrocytometer is sufficiently accurate in cases in 
which there is no leucopenia or the leucocyte count is high, as in cases 
of leukccmia or other diseases in which there is leucocytosis. In the case 
of leukaemia it is disadvantageous to use the leucocytometer. 

On the other hand, in cases of kala-azar and certain other conditions, the 
number of leucocytes present in the blood maybe so low that the latter pipette 
is absolutely necessary for counting them. Many people use only the ruled 
area in counting the leucocytes (256 squares in Thoma-Zeiss), the process 
being repeated upon a second and third slide, and the average taken. With 
Neubauer and similar rulings and a dilution of i : 20, a convenient plafi is to 
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PLATE XII. 

Normal and Abnormal Blood-Cells, &c. 

(Partly original and partly from Schleip's '"Hcematological Atlas,"' 1920; 
Panton's ^'Clinical Pathology,” 1913; and Byam and Archibald’s 
Practice of Medicine in the Tropics," 1921.) 


Fig. I. Normal red blood-corpuscle. 

„ 2. Blood platelets. 

,, 3. Coarsely granular eosinophile 

leucocyte. 

,, 4. The same, ruptured. 

„ 5. Polymorphonuclear leuco- 

cyte. 

„ 6. The same, ruptured. 

,, 7. Coarsely granular basophile 

leucocyte, or mast cell. 

,, 8. Finely granular basophile 

leucocyte. 

„ 9. Small lymphocyte. 

,, 10. Large lymphocyte. 

,, II. Large hyaline mononuclear 
leucocyte. 

,, 12. The same, ruptured. 

„ 13. Large hyaline mononuclear 
leucocyte, containing mal- 
arial hasmozoin pigment. 

,, 14. The same. 

,, 15. Transitional mononuclear 
leucocyte. 

,, 16. Poikilocytosis. 

„ 17. Microcytes. 

,, 18. Macrocyte. 

„ 19. Achromia. 

,, 20. Polychromatophilia. 

,, 21, Punctate basophilia. 

,, 22, Diffuse basophilia. 


Fig. 23. Demilune red blood-cor- 
puscles. 

„ 24. Howell-Jolly bod5^ 

„ 25. Chromatin dust in red blood- 
corpuscle. 

,, 26. Cabofs rings. 

„ 27. Normoblast. 

„ 28. Megaloblast. 

„ 29. Myeloblast. 

„ 30. Neutrophile myelocyte. 

„ 31. Eosinophile myelocyte. 

,, 32. Basophile myelocyte. 

„ 33. Endothelial cell. 

„ 34. Tiirck cell. 

,, 35. Lymphoblast. 

,, 36. Rieder s cell. 

Figs. 37-38. Platelets lying on red 
corpuscles. 

Fig. 39. X-bodies of Horrocks and 
Howell (1908). 

„ 40. Distorted platelets. 

,, 41. Deposit of stain on a red 
corpuscle. 

,, 42. Vacuolated red corpuscle. 

,, 43. Yeasts on the slide. 

„ 44. A protozoon on the slide 
from an extraneous source. 

„ 45. Pessary bodies, from de- 
stroyed red corpuscles. 


(From Knowles" and Senior-White’s 

“ Malaria : its Investigation and Control.” 
By kind permission of Major Knowles,) 
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count the leucocytes with a low power objective in the square millimetres at 
each of the four corners of the ruled area, and multiply by 50. 

While it is more convenient to estimate the number cf leucocytes over the 
squares in conditions in which the leucocytes are numerous, it is very 
desirable in cases of kala-azar and similar conditions with low leucocyte 
count to count the leucocytes in the field of vision instead of in the ruled 
areas, care being taken to go regularly from one circular area to another, and 
to include an entirely fiesh field at each count. The areas counted must not 
be selected, but should be taken just as they come. 

The number of squares in the field of vision is calculated from its area, 
which is easily determined from the formula : Area = irr where r is half the 
diameter of the field of vision. The sliding tube of the microscope is drawn 
to a point at which the diameter of the field of vision is just sufficient to equal 
eight or ten times the length of the side of a small square on the counting slide. 

To ensure that a diameter is being measured is easily determined by 
observing that it is the greatest of all the chords of the field of vision parallel 
to it, or by noticing that a chord drawn at right angles to it from its middle 
point contains the same number of sides of the small squares as the diameter 
itself, and therefore is also a diameter. 

The number of leucocytes present in i c.mm. is then calculated from the 
formula already given for estimating the number of corpuscles. 

Various fluids have been used for diluting the blood for examination with 
the haemacytometer. A few of these are mentioned here : — 

Gower's Solution. — Sodii sulph., 104 gr. ; acetic acid, i dr. ; distilled water 
6 oz. 

Hayem's Solution. — Sodii chloride, i grm. ; sodii sulph., 5 grm. ; corrosive 
sublimate 0.5 grm. ; distilled water, 200 c.c, 

Toisson's Fluid . — Methyl violet, 0’025 grm. ; sodii chloride, i grm. ; sodii 
sulph., 8 grm. ; neut. glycerine, 30 grm. ; aqua distill., 160 grm. 

The diluting fluid for counting leucocytes by means of the leucocytometer 
should dissolve the red corpuscles so that they will not obscure the leuco- 
cytes. The simplest fluid is a i per cent, solution of acetic acid. More 
satisfactory is the following: Glacial acetic acid i c.c.; i per cent, aqueous 
solution of gentian-violet, i c.c. ; distilled water loo c.c. (These solutions 
must be filtered frequently to remove yeasts and moulds.) 

Among other types of counting chambers and rulings of the slides may be 
mentioned the original Gower’s counting chamber, Levy counting chamber, 
Hausser’s counting chamber, and Zappert’s rulings of the slides. 

For cytological work other than blood-counting, as in cerebro-spinal 
fluids, &c., the Fuchs-Rosenthal ruling may be used. For the counting of 
blood-platelets, the so-called Helber chamber with a Neubauer ruling, as for 
blood-counting, may be used. 

References. 

Roger S Morris, M.D. “The Choice of Ruling in a Blood-Counting Chamber,” Journal of 
Laboratory and Clinical Medicine., December, 1916, vol ii, p. 208. 

Horace Gray, M.D. “ Cell Counting Technic : A Study of Priority,” American Journal of the 
Medical Sciences^ October, 1921, No.4, vol. clxii, p. 526. 



STUDY OF STAINED BLOOD. 


For making proper films, it is essential that the slides should be perfectly 
clean. When new slides are used, the superficial grease is removed by 
breathing on them or putting a little alcohol and rubbing up with a clean 
handkerchief, or by flaming them. Used slides and cover-glasses are placed 
first in a mixture of concentrated sulphui'ic acid 6 parts, potassium bichromate 
6 parts, and water loo parts, for some time. They are then thoroughly washed _ 
and kept in absolute alcohol after drying. When required for use they are to be 
taken from the alcohol, and when all the alcohol has drained off they should 
be rubbed with a clean handkerchief or passed through a flame. 

After the preliminary preparation for taking blood which has been described 
before, a droplet of blood is taken on a clean slide a little away from one 
of its ends, taking care that this slide does not touch the skin. The edge 
of a second slide is placed against the surface of the first at an angle of about 
45° touching the drop of bood, and the blood allowed to spread itself at the 
junction of the two slides. The second slide is now pushed at this angle to 
the opposite end of the first, when an evenly spread film is formed. The 
blood should follow the spreading slide, and not be pushed in front of it. The 
thickness of the film depends on the angle between the two slides, the size of 
the drop of blood and the pressure between the slides. The film is now 
dried in the air or by holding it high above a flame. It is then stained by 
one of the modifications of Romanowsky stains, such as Leishman’s or 
Wright’s modifications of it, or Giemsa's, and then examined under the micro- 
scope with oil-immersion. The author generally uses Wiight’s stain, and he 
finds that it gives most satisfactory results. 

In stained specimens of the peripheral blood, apart from examining 
for the presence of Leishm.an-Donovan bodies, the following diagnostic 
information indicative of disease may be obtained from this examination : — 

(1) Erythrocytes. — Pathologically, they vary in haemoglobin content, size 
and shape, staining properties and structure. The depth of staining furnishes 
a rough guide to the haemoglobin content of the corpuscles. Variations in 
size (anisocytosis) are shown by the presence of microcytes, macrocytes and 
megalocytes. Variations in shape are shown by the presence of poikilocytes, 
such as oval, pyriform and club-shaped cells, &c. (poikilocytosis). Variation 
in staining properties is shown by polychromatophilia, basophilic granular 
degeneration, &c. Variation in structure consists in the presence of 'nucleated 
red cells or erythroblasts. They include the microblasts, normoblasts and 
megaloblasts. 

(2) Leucocytes . — The differential count of leucocytes yields more helpful 
information than any other single procedure in blood examination. It is 
best made on a film stained with one of the Romanowsky stains. The 
abnormal varieties of leucocytes include (a) myelocytes ; (6) myeloblasts ; 

(c) lymphoblasts; (d) Turck's irritation leucocytes; (e) plasma cells; 
if) degenerated forms ; and (g) atypical forms-. 

To make the differential count, it is necessary to go carefully over the 
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film with an oil-immersion lens, using a mechanical stage, if available. After 
classifying each leucocyte seen, the percentage of each variety, in the total 
number of leucocytes counted, is calculated. For accuracy, 500 to 1,000 
leucocytes should be classified ; for approximate results, 300 are sufficient, 
but it is imperative to count the leucocytes in all parts of the smear, since 
the different varieties may not be evenly distributed. 

The actual number of each variety in i c.c. of blood is easily calculated 
from these percentages and the total leucocyte count. An increase in actual 
number is an absolute increase ; an increase in percentage only, a relative 
increase. It is evident that an absolute increase of any variety may be 
accompanied by a relative decrease. 

To get a fairly uniform distribution of leucocytes in a film made on a 
slide for differential count of leucocytes, it must not be made very thin, and 
should be moderately thick, but not so thick as to make the leucocytes difficult 
to be recognized. 

Suggestions have been made from time to time to carry out the differential 
count in the counting chamber along with the total count by use of diluting 
fluids which colour the leucocytes differentially. As special diluting fluid 
for this purpose Stitt uses i'5 c.c. of neutralized formalin in 98*5 c.c. of 
0*5 per cent, glycerol. Just before use this fluid is coloured with Giemsa's 
stain by adding one drop of the stain for each i c.c. of the fluid. Formalin 
may be neutralized by adding a few drops of phenolphthalein, and then 
adding very dilute sodium hydroxide to the first appearance of a pink colour. 

METHOD OF FINDING LEISHMAN-DONOVAN BODIES IN THE PERIPHERAL 

BLOOD. 

(1) Thin Film Method . — In a thin film of blood prepared in the way 
indicated above, in order to search for the Leishman-Donovan bodies, the 
edges of the film and the tail where the leucocytes tend to specially gather 
should be examined. The parasites are found either inside the polymor- 
phonuclears or the mononuclears, or very rarely apparently free, due to 
rupture of the cells containing them in the process of making the smear. 
By compressing the finger below the pulp for half a minute or so and then 
puncturing it, a larger number of leucocytes may be obtained in the smeai. 

In kala-azar leucopenia is frequently present, and oftentimes to a marked 
extent, and it is therefore very difficult to find, in thin films of the peripheral 
blood, a sufficiently large number of leucocytes for examination for the 
detection of Leishman-Donovan bodies inside them. It has therefore been 
recommended to examine thick films for this purpose. 

(2) Thick Film Method. — Ross’s thick film is made by allowing some six 
drops of blood to fall on a slide within an area 5 to 7 mm, in diameter 
and spreading them into an even layer. After dehsemoglobinization with 
water the resulting film is dried in air and stained. 

Reference has already been made to the thick film method of Knowles 
and Das Gupta (p. 84), Care should be taken to let the films dry in the air 
as completely as possible, so that the leucocytes may adhere to the slide and 
not be washed away during subsequent manipulation. 
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Another method is to take one-half to one drop of blood, which is made 
into a thick film by spreading it out somewhat with the corner of another 
slide. Usually half a drop of blood will make a spread of proper thickness 
about half an inch in diameter. It is then deha-moglobinized and fixed in 
methyl alcohol (Merck’s highest puiity), containing 2 per cent, glacial acetic 
acid and 2 per cent, hydrochloric acid. It takes from one to three minutes to 
decolorize recently-made preparations. Wash, preferably in running water, 
to entirely remove the acid. This requires only a minute or two, and then 
stain. (For other methods see Addendum.) 

(3) Centrifuge Method . — The author has adopted the following method for 
concentrating the leucocytes from the peripheral blood : About 50 c.mm. of 
blood are centrifugalized either alone or after mixing with a 2 per cent, 
solution of sodium citrate to prevent clotting, and after pipetting off the 
supernatant layer of fluid, the upper leucocyte layer and the upper quarter or 
so of the column of red corpuscles are pipetted off and spread on a slide and 
stained. In this way there is a great preponderance of leucocytes in every 
field of the microscope. The author has sometimes concentrated the 
leucocytes by putting blood mixed with a little sodium citrate solution into 
miniature tubes closed at one end and then centrifuging in a hsematocrite. 
The leucocyte layer at the top of the sediment at the bottom of the tube is 
examined in the way described above. By centrifuging 5 c.c. of blood mixed 
with Locke’s solution (sodium chloride 9’2 grm., potassium chloride 
O’S grm., calcium chloride o'l grm., sodium citrate 10 grm., distilled water 
1,000 C.C.), at a speed of 750 revolutions. Young and Van Sant state that 
parasites are readily discovered in films made from the bottom-most part of the 
centrifuging tube inside mononuclear and polymorphonuclear leucocytes. 
They hold that these leucocytes are heavier than other blood-cells when they 
contain Leishman-Donovan bodies, and therefore go to the bottom of the 
centrifuging tube during centrifugalization. If the cloudy layer at the top 
is decanted and centrifuged at a high speed, the extra- corpuscular Leishman- 
Donovan bodies may be found in the blood-platelet layer of the sediment. 

In the author’s experience the search for the parasite in the peripheral 
blood takes an extremely long time and is frequently negative, whatever may 
be the process adopted, and in one case he examined at least 400 leucocytes 
without finding any Leishman-Donovan bodies in them. 

METHOD OF STAINING BLOOD FILMS. 

This is effected by one of the Romanow'sky stains, which consist of a 
compound containing a mixture of methylene-blue and its derivatives in 
combination with eosin, there occurring between the methylene-blue and the 
eosin some complicated chemical reactions. Modifications of Romanowsky 
stains chiefly used are : — 

(1) Giemsa’s stain. 

(2) Leishman’s stain. 

(3) Wright’s modification of Leishman’s stain. 

(4) Jennet’s stain. 
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These stains can be obtained from Grubler or Merck, Germany, or from 
English firms, such as Burroughs Wellcome and Co., or British Drug 
Houses, Ltd. 

For the preparation of Gierasa, Azui II eosin, 3 grm., and Azur II, o-8 grm., 
are put in a mortar and then dissolved in glycerine (chemically pure, Merck), 
250 C.C., by means of a pestle. Then add 250 c.c. of methyl alcohol (Merck’s 
I'eagent). 

Leishman’s stain may be prepared easily by dissolving o‘i5 grm. of 
Leishman’s powder in 100 c.c. of acetone-free methyl alcohol. 

Wright’s stain is prepared by dissolving o’l grm. of the powder in 60 c.c. 
of pure acetone-free methyl alcohol. His most recent directions for its 
preparation are as follows : — 

To a o‘5 per cent aqueous solution of sodium bicarbonate add (B. X or 
medicinally pure) methylene-blue in the proportion of i grm. of the dye to each 
100 c.c. of the solution. Heat the mixture in a flask in a steam sterilizer at ioo°C. 
for one full hour. After heating, allow the mixture to cool, and then filter it to 
remove the precipitate which has formed in it. To each 100 c.c. of the filtered 
mixture add 500 c.c. of a o'l per cent, aqueous solution of “ yellowish water- 
soluble ” eosin, and mix thoroughly. Collect the abundant precipitate, which 
immediately appears, on a filter. Dry the precipitate thoroughly, dissolve it 
in methyl alcohol (Merck’s “reagent”) in the proportion of o’l grm. to 60 c.c. 
of the alcohol. In order to facilitate solution, the precipitate is to be rubbed 
up with the alcohol in a porcelain dish or mortar with a spatula or pestle. 
This alcoholic solution of the precipitate is the staining fluid. 

In staining with Giemsa’s stain, the film is fixed in pure methyl alcohol ; 
then Giemsa’s stain, diluted with distilled water in such a way that one drop 
of stain is mixed with i c.c. of water, is pouied over it and allowed to act for 
fifteen or twenty minutes. 

In staining with Leishman’s stain, no preliminary fixing of the film is 
required, it being effected by the methyl alcohol contained in the solution. 
A few drops of the undiluted stain is poured and kept over the film for about 
half to one minute, taking care that it does not dry. The solution is 
then diluted by dropping about double the quantity of fresh distilled water 
and the stain and the water are quickly mixed with a glass rod. Five minutes 
are now allowed for staining, and the stain is then gently washed ofif with 
distilled water. A little of the water is kept on the film for half a minute to 
intensify the colour contrasts in the various cells. 

In staining with Wright's stain, cover the film, without previous fixation, 
with plenty of the staining fluid by means of a dropper, so as to avoid too 
great evaporation and consequent precipitation. After one minute add to the 
staining fluid on the film the same quantity of distilled water by means of a 
second dropper. Allow the mixture to remain for three to six minutes, 
according to the intensity of the staining desired. Wash the slide in water for 
thirty seconds or until the thinner portions of the film become yellow or pink 
in colour. Dry with filter paper or by waving high above a flame. 
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PERIPHERAL BLOOD-CULTURE. 

In a series of 440 undoubted cases of kala-azar observed by Brahmachrai 
and Maity, the peripheral blood-culture was found by them to be positive in 
426, i.e., 97 per cent. In another series of 190 cases in which cultures were 
made from material obtained on spleen puncture, it was found positive in all. 
The technique of blood-culture has been described (p. 86). A few further 
points are mentioned here. 

A 2 c.c, all-glass sterilized syringe is used for puncturing a vein in the 
arm. Sterilization of the syringe with the needle is effected by autoclaving the 
syringe in steam, and subsequently removing all the traces of water inside 
the barrel and the needle by one up-and-down movement of the piston through 
the barrel, the needle being attached to the syringe by means of a pair of 
forceps. They may also be thoroughly dried in a hot-air sterilizer. The 
method of the Kala-Azar Commission is to use a 5 c.c. all-glass syringe, and 
to put up the syringe, in their metal cases wrapped in paper and autoclaving. 
They are afterwards thoroughly dried, without opening the cover, in a hot- 
air sterilizer. Oil sterilization is hardly necessary. The oil is likely to remain 
sticking inside the syringe and thereby collect dirt after repeated use, which is 
frequently difficult to clean, especially in an all-metal syringe, the inside of 
which cannot be seen. 

The technique of venipuncture has already been de.scribed under the 
chapter on metallic antimony (p. 116). The best method of making the vein 
prominent is by means of an india-rubber tubing tightened round the arm 
above the point of puncture by means of a pair of tongue forceps, in the 
manner indicated in the diagram. By opening the forceps and tightening or 
loosening the rubber tubing, the amount of compression of the arm may be 
very easily regulated so as to stop the venous flow to such an extent as may 
be desired. The compression should not be so great as to stop the arterial 
supply. Subsequently the blood drawn is dealt with in the manner described 
in p. 86. The blood should be diluted with sterile sodium citrate solution. 
It is desirable that the blood should be properly diluted in citiated saline 
for successful culture. This washes out substances in the blood-plasma that 
may be inimical to growth. The Kala-azar Commission point out that tliis 
dilution with citrate solution is important, not only as assisting manipulation, 
but as favouring culture by the absence of clot formations in the medium and 
possibly through the anticomplementary action of the salt. It is desirable 
that only freshly prepared medium (up to seven days after preparation) should 
be used and culture kept at 22° C. to 24° C. 

Row describes the following technique for what he calls “ intensive culture ” 
from the peripheral blood. A few drops of blood from the finger are intro- 
duced directly into 15 to 20 c.c. of citrated saline before any clotting takes 
place. The diluted serum is then centrifuged and the sediment of corpuscles 
planted directly into a suitable medium, e.g., N N N medium. In this way a 
growth of flagellates may be obtained in six days. (See p. 86.) 

In some cases the author has obtained positive flagellate culture as early 
as the third day, but generally it takes place in seven to ten days. One should 
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not consider that the culture is negative until three weeks have passed after 
incubation, and no growth has been obtained in this period. 

The flagellates should be looked for in the fluid of condensation and in 
the upper layer of the solid portion of the N N N medium in contact with the 
fluid. The fluid and a portion of the solid should be pipetted off with a sterile 
capillary tube for examination, and the culture tube put back into the in- 
cubator for flagellate growth, if it has not already taken place. A drop of the 
pipetted material is put over a slide and a cover-glass placed over it, and the 
wet specimen examined with objective 40 and eye-piece 10 (new notation) ; 
with an oil-immersion (90 or 100 new notation), a lower eye-piece 5 (new^ 
notation) should be used 

Christophers, Shortt and Barraud have employed various devices for 
studying the growth of the flagellates in culture. The following are 
quoted from their observations : ** In order to study the life cycle we have 
employed various devices, such as growth on solid medium (plates) and 
various forms of microculture. Particularly interesting results have been 
obtained by taking cover-glass impressions (wet and dry fixed) from the 
surface of N N N medium plates. These plates are inseminated by placing a 
drop or two of the citrated infective material in the syringe upon the surface 
of the medium, covering and tilting the plate so that the fluid flows for a 
short distance over the medium. The entire track of the fluid can then later 
be removed as an impression on a 2 in. by | in. cover-glass, giving a prepara- 
tion in which the development of the parasite can be studied Ui situ. 

In addition to observations made in hanging-drop preparations, we have 
obtained useful results by a form of microculture put up in the following way : 
A series of sterile slides is prepared with vaseline rings. These rings must 
be of uniform thickness, and are best made with the aid of a thin glass 
tube with smooth edge of the required diameter dipped into melted paraffin. 
On the slide, in the centre of the vaseline ring, is placed with sterile pre- 
cautions a drop of culture medium (condensation fluid of N N N medium) 
To each drop of culture medium is then added a drop of material contain- 
ing flagellates, or the drops on the series of slides are used to make a dilution 
series, the inseminating material being added only to the first drop of the 
series. Each preparation is now covered with a sterile cover* glass, which is 
pressed down to meet the fluid, care being taken to keep the cover-glass 
strictly parallel with the slide. The result of this procedure is a disc of fluid 
lying between the cover-glass and the slide, surrounded by air, in the centre 
of a sealed vaseline ring. The thickness of the disc can be regulated by 
pressure; it should be of such a thickness as to admit of its being ex- 
amined throughout its depth by a sixth objective. If the vaseline seal be 
made of uniform thickness and the cover-glass evenly pressed down, the disc 
of fluid will remain unchanged in shape or position for weeks. 

Preparations can also be made to include a thin rectangular slab of the 
solid portion of the medium. This is done by scoring with a sterile needle 
a specially prepared very thin N N N plate, or selected portion of such, with 
two series of lines-at right angles, the lines of each series being about I'O mm. 
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or less apart. One or more of the small rectangles of medium so formed are 
removed with a platinum loop to the drop from which the microciilture is to 
be made. The inclusion of the solid medium enables the behaviour of the 
parasite in relation to the solid parts of the culture medium to be studied, 
and also facilitates the mapping of the preparation.” 

STAINING OF LEISHMANIA. 

For staining the Leishmania, the author generally uses Wi'iglit's modi- 
fication of Leishman’s stain. Shortt’s method of staining the flagellates has 
already been described (p. 26) and gives very good results. 

For dried preparations the ordinary method of fixation in absolute 
alcohol may be employed. 

When making preparations for Giemsa's stain from N N N medium, it is 
necessary that the culture fluid should be diluted with five or more parts of 
citrate solution. Washing by centrifuging gives very good results for ensuring 
proper staining of the flagellum with Giemsa’s stain. 

Christophers, Shortt and Barraud recommend that the film, after having 
been dried, should be exposed for a short period (five to ten seconds) to the 
vapour of osmic acid. 

For wet fixed films, Christophers, Shortt and Barraud have compared the 
results obtained by fixation in : (i) acetic-sublimate ; (2) alcohol-sublimate 
(Schaudinn) ; (3) alcohol-sublimate in saline (Maier) ; (4) picro-acetic-formol 
(Bouin) ; (5) alcohol-picro-acetic-formol (Duboscq-Brasil) ; (6) picro-acetic- 
formol with neutral copper acetate to increase the solubility of the picric 
acid (Bouin-Hollande) ; and (7) osmic-acetic-chromic (Fleming). Of these, 
they got the best results with Nos. 2, 3, 4 and 6, and after various trials they 
used No. 2 as a routine practice. 

STUDY OF STAINED FILM FROM MATERIAL OBTAINED FROM TISSUES IN 

KALA-AZAR. 

The Spleen . — We have alieady described the technique of spleen puncture. 
Its dangers though only slight still exist. The operation has not been popular 
in private practice in endemic areas, and even in Calcutta, and the author 
cannot recommei^d that it should be promiscuously undertaken in all cases 
of kala-azar, especially in out-patient departments of a large hospital, where it 
may be impossible to determine all the contra-indications in a short time. 
An accident following such an apparently simple operation may be unexpected 
and make the treatment very unpopular. Though the author has not met with 
any fatal cases in several hundreds of cases in which he or his assistants 
performed it, yet he is aware that it did turn out fatal in the hands of very 
competent men. In one or two of his cases in private practice, the patient 
complained of pain over the abdomen, which became very severe a few hours 
after puncture and continued for a few days, and there is no doubt that there 
was hsemorrhage from the seat of puncture which fortunately did not turn 
out fatal. 

In a successful puncture the contents of the needle should practically 



Laboratory Methods 175 

consist of spleen pulp only. If the barrel of the syringe shows the presence of 
blood, it indicates that there has been an undue dilution of splenic material 
with blood, which is disadvantageous to culture as well as to finding Leishman- 
Donovan bodies in smears made therefrom, and it is not infrequently 
observed that a minute quantity of splenic pulp shows Leishman-Donovan 
bodies in almost every field, while a smear made from the contents of the 
syringe containing a large quantity of blood from the spleen of the same 
case may show very few or no Leishman-Donovan bodies. We have stated 
before that, according to Christophers, in certain stages of the disease the 
Leislnnania may disappear from certain portions of the spleen. We agree with 
this view. In a series of 190 cases of kala-azar, the smear from spleen-puncture 
material was positive in 185, and the culture from the same was positive in all. 

Liver . — It has been recommended that, to avoid the dangers of fatal 
haemorrhage from spleen puncture, the liver should be punctured by 
preference, as it is less easily torn than the spleen. But smears from liver- 
puncture material are more likely to give negative results than from spleen 
puncture. 


FLAGELLATE CULTURE OF SPLENIC OR LIVER MATERIAL. 

This is done in the same way as culture from the peripheral blood, a small 
amount of material being obtained by means of a syringe and diluted with 
I to 2 c.c. of a 2 per cent, sodium citrate solution, and then put into N N N 
medium. In making a culture, liver puncture should be made in those cases 
in which there are contra-indications in puncturing the spleen. 

Though it may be argued that cases of fatal haemorrhage have been met 
with after exploratory puncture of the liver in cases of suspected hepatic 
abscess, yet in all cases in which the author has observed such an accident, 
very stout and long exploring needles were inserted very deep into the 
substance of the liver several times for discovering pus, and on post-mortem 
examination one of the large branches of the portal vein was found to have 
been punctured. On the other hand, in making punctures for getting a smear 
for searching for Leishman-Donovan bodies, or for making a culture, a fine 
needle is required, and there is no danger in puncturing the liver with 
such a needle. 

Smears from other Tissues . — Smears from material obtained from bone 
puncture, excised lymphatic glands, scrapings from bases of artificially 
produced blisters or ulcers, have not given satisfactory results in the hands of 
the author. 


BIOCHEMICAL TESTS IN KALA-AZAR. 

We have already mentioned the biochemical reactions of the blood in 
kala-azar, and shall refer here to those points that may be used for diagnostic 
purposes ; — 

Relative Hcemoglobm Value of Resistant Erythrocytes . — As early as 1909, 
Brahmachari showed that the relative hcemoglobin value of the resistant 
erythrocytes during haemolysis of blood with hyposmatic saline (N : 50) or 
12 
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distilled water was less in kala-azar than in the case of other diseases or in 
health. 

'Ey resistant erythrocytes are meant erythrocytes that do not hsemolyse when 
one part of blood is treated with two parts of N : 50 saline or distilled water. 
The relative hcemoglobin-value is expressed as the quotient obtained by 
dividing the amount of haemoglobin in the resistant corpuscles by that of the 
total blood, and is estimated by the following method : After thoroughly 
mixing 5 c.mm. of the blood with 10 c.mm. of N : 50 saline, the mixture is 
centrifuged as thoroughly as possible, and then the sediment is washed 
several times with N : 10 saline till the supernatant fluid at the top is perfectly 
colourless. The sediment is now dissolved m a small quantity of distilled 
water with the addition of a drop or two of chloroform, and then the amount 
of haemoglobin is estimated by a Haldane^s haemoglobinometer. In those 
cases in which the amount of haemoglobin in the resistant corpuscles is less 
than 10 per cent., 10 or 20 c.mm. of blood is taken and then treated wuth 20 
or 40 c.mm. of N : 50 saline respectively, and the amount of haemoglobin in 
the resistant corpuscles is then estimated. This number, divided by 2 or 4, as 
the case may be, gives the amount of haemoglobin in the resistant corpuscles 
of 5 c.mm. of blood. The amount of haemoglobin present in 5 c.mm. of 
blood is then estimated in the ordinary way by means of thehaemoglobinometer. 

The author has found the above factor to be, in the average, 0*260 in the 
case of kala-azar and 0*426 in the case of healthy students. In the case of 
ankylostomiasis it may be as high as 0*71-1. 

THE GLOBULINS IN KAL^-AZAR. 

The globulins in kala-azar blood-serum were first investigated by 
Brahmachari as early as 1917. When human scrum is diluted with excess of 
distilled water it becomes cloudy, owing to partial precipitation of serum 
globulin. Under certain circumstances a copious precipitate forms instead 
of a mere cloudiness. 

Upon the above observation depend the globulin ring and the globulin 
precipitation tests of the author, which are described below : — 

The Globulin Ring Test, — 2 c.c. of the blood from a prominent vein of a 
kala-azar case are drawn by a glass syringe and the blood quickly centrifuged. 
The serum freed from the clot is introduced into a miniature test-tube with a 
capillary pipette, and then a small amount of distilled water is gently poured 
over the serum. A distinct white ring forms over the surface of the serum in 
every case of kala-azar. This is the globulin ring test^^ of kala-azar. This 
test is positive even when the blood is diluted ten to twenty times with normal 
saline. 

The Globulin Precipitation Test, — The serum is collected inside miniature 
test-tubes and then mixed with two or three parts of distilled water. A white 
precipitate forms in every case of kala-azar. This is the globulin precipita- 
tion test ^ of kala-azai\ This precipitation may be due either to the presence 
of excess of globulin in kala-azar serum, or a specific globulin more easily 
precipitable than normal serum globulin. 
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Anti-complementary Glohiihn Test. — The author has also found that the 
above globulin has marked anti-complementary properties, and upon this 
depends the anti-complementary globulin test which is described as follows : 
I c.c. of the serum of a kala-azar case is mixed with 15 c.c. of distilled water. 
The precipitate is collected and then washed thoroughly with distilled water. 
The precipitate is then dissolved in i c.c. of normal saline and the following 
observations made : (i) Take, for instance, a hcemolytic system in which the 

following are the doses of the component parts — 0*15 c.c. of anti-sheep 
amboceptor + 0*5 c.c. of guinea-pig's complement + 0*5 c.c. of sheep's 
corpuscles = complete haemolysis. (2) {a) Mix 0*5 c.c. of the guinea-pig's 
complement with 0*2 c.c. of the solution of the above precipitate in normal 
saline — incubate for half an hour; (6) add to this 0*15 c.c. of anti-sheep 
amboceptor + 0*5 c.c. of sheep's erythrocytes = no haemolysis. (3) i c.c. of the 
serum of the same kala-azar case + 0*5 c.c. of sheep's erythrocytes = complete 
haemolysis (due, no doubt, to the natural complement and amboceptor 
frequently present in human serum). (4) (a) Heat the serum to 55°C. for half 
an hour ; (b) add 0*2 c.c. of the heated serum to 0*5 c.c. of guinea-pig’s 
complement — incubate half an hour ; (c) add 0*5 c.c. of sheep's erythrocytes 
to (b) — incubate = complete haemolysis. 

It may be stated here incidentally that the above globulin-like substance 
does not inhibit the action of the natural complement normally present in the 
serum as long as it is not separated from the serum by the action of distilled 
water. 

The anti-complementary globulin test, the globulin ring test, and the 
globulin precipitation test are of great diagnostic value in kala-azar. The last 
two tests may very rarely be present in some apparently obscure cases of 
enlarged spleen, in which no Leishman-Donovan bodies may be found on 
spleen puncture. But some of these may be cases of kala-azar, as they are 
cured by administration of urea stibamine, and as Leishman-Donovan bodies 
may not be found on spleen puncture in some rare cases of undoubted 
kala-azar (Leishman, Christophers). 

The globulin-opacity test has already been described and, as stated before, 
being a quantitative one, gives more definite results than any other serum test. 
The hcemolytic test, the aldehyde test and its limitations have already been 
described. By taking a measured quantity of blood, say 20 c.inm., and placing 
it in 0*6 c.c. of distilled water in a small test-tube, Sia has noted the rate of 
sedimentation of the precipitate formed. If the solution becomes cloudy 
within five minutes the case is considered by him to be one of kala-azar. 
In advanced cases of kala-azar sedimentation is complete within fifteen 
minutes. 

Chopra's Urea Stibamine Test. — Chopra and his co-workers have observed 
that when a solution of an organic compound of antimony is brought in 
contact with the serum from a kala-azar patient, a thick flocculent precipitate 
is formed at the junction of the two. The precipitate is much more marked 
and distinctive with urea stibamine than with other organic antimonials and, 
therefore, this is generally employed. It shows a tendency to conglomerate 
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to a mass at the junction of the two fluids and is difficult to break in by 
shaking, and does not dissolve if the tubes are allowed to stand for twenty-four 
hours or longer. As regards the strength of the solution required, it is found 
that although 0*05 per cent, or even weaker solutions give a precipitate, it is 
advantageous to use i to 4 per cent, solutions. Antimonyl tartrates do not 
give this precipitate. When normal sera or sera of patients suffering from 
other diseases are tested in the above way, there is either no precipitate 
whatever, or only a slight precipitate at the junction of the two fluids. 

Technique. — The serum is pipetted out in a capillary tube and put into a 
miniature test-tube, 3 to 4 mm. in diameter. A 4-per-cent, solution of urea 
stibamine is slowly added along the side of the tube to form a layer on the 
top. With kala-azar serum a thick flocculent precipitate forms at once. The 
test has been further simplified by using the blood from a finger prick, so that 
it can be performed by the bedside. Two or three drops of blood from a 
finger prick are received in i to J c.c. of a 2 per cent, solution of potassium 
oxalate (2 per cent, potassium citrate or normal saline may be used). A little 
of this is transferred by a capillary pipette into a glass tubing 3 to 4 mm. in 
diameter, sealed at one end. The solution of urea stibamine is then added, and 
this being heavier sinks to the bottom. Almost immediately a flocculent 
precipitate begins to form at the junction of the two fluids and begins to 
settle down in a characteristic manner, resembling a shower of rain, through the 
urea stibamine solution. In very early cases of kala-azar the precipitate may 
take a minute or two before it appears ; but in well-developed cases it forms 
immediately and flocculation is quite distinct. The advantages claimed for 
the antimony test over the aldehyde test are : {a) It is given much earlier in 
the course of the disease than the aldehyde test. A definitely positive reaction is 
obtained from the fifteenth to twenty-first days of the disease. (6) The reaction 
IS produced immediately, and it is not necessary to wait for twenty-four hours, 
as is sometimes the case with the aldehyde test, (c) The test can be performed 
with a much smaller quantity of serum. 

Hodgson, Vardon and Singh's Test. — Hodgson, Vardon and Singh have 
described a preliminary note on a quick and simple test for the differentiation 
of malaria from kala-azar and other fevers. The technique is described as 
follows : Prepare some sterile 5 per cent, citrate of soda, several narrow 
glass tubes about 5 mm. wide and 60 mm. long, marking them as follow^s 
from the bottom : 24 mm., 18 ram., 12 mm., 6 mm. Sterilize a 5 c.c. syringe 
and draw up into the syringe one part of 5 per cent, citrate of soda and four 
parts of patient’s blood, mix and fill a glass tube up to the 24 mm. mark, allow 
mixture to stand for half an hour.” When the blood of patients suffering 
from malaria was sedimented by the above method, the supernatant fluid was 
markedly yellow. In some malaria cases it was golden-yellow, others greenish- 
yellow, and a third group reddish-yellow. In proved cases of kala-azar there 
was a rapid clearing of the supernatant fluid, leaving it colourless or faint 
greenish-white. 

For further details the reader is referred to the original paper by the 
author in the Indian Journal of Medical Research, January, 1927. 
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For other laboratory methods, see the Chapters on symptomatology, and 
diagnosis and differential diagnosis. 

While fully endorsing the importance of laboratory methods, the author 
holds the view of Sir Leonard Rogers, that a large proportion of fevers in the 
tropics can be diagnosed by purely clinical methods. 


II. 

FORECAST. 

We have described in the preceding pages the latest advances m the treat- 
ment of kala-azar by the use of urea stibamine and the campaign against it in 
Assam. The last word about its treatment has not yet been said. We hope 
that an antimonial compound will be discovered which it will be possible to 
administer orally, so that it may be used like quinine by the patients without 
their having to undergo the operation of intravenous injection, which is some- 
times veiy difficult, especially in the case of children and patients with oedema. 
Such an advance will make the treatment and the campaign against the disease 
more easy and popular. We also hope that antimony analogues of salvarsan, 
neo-salvarsan and allied compounds will also be discovered. The day will 
come when, in studying the organic derivatives of antimony, one will be 
reminded of a quaint simile employed by Dr. Bertheim about the chemistry 
of organic arsenic compounds. He compares it to a sleeping beauty 
slumbering, until quite recently, in an unfrequented corner of ‘Beilstein,’ 
but who, now awakened, appears as one of the fairy gifts which synthetic 
chemistry bestows from time to time upon mankind" (Morgan). 

The economic effect of the discovery of the cure for kala-azar will be very 
great in future, especially in the provinces of Assam, Bengal, and in other 
parts of India where the disease occurs. A disease which was considered 
incurable for centuries, destroyed millions of human lives, ruined families, 
decimated villages and retarded prosperity in some parts of India, has now 
lost all its terrors. 

This disease in its epidemic manifestation constituted, according to 
Rogers, the old ** Burdwan fever which raged in Bengal in the 'sixties and 
'seventies, and converted many parts of Bengal into a 'Galley of the shadow 
of death." Its terrible nature is well described in the words of one of the 
writers on this epidemic fever : The devastation of the epidemic has a very 
sad tale to tell. Countries that once smiled with peace, health, and prosperity, 
have been turned into hot-beds of disease, misery, and death. Villages that 
once rang with the cheerful, merry tune of healthful infants, now resound 
with loud wailings and lamentations. Huts, which offered too little space for 
their occupants, are left without a tenant. The skulls of human beings now 
strew the fields at every few yards' distance. The fell disease has mocked 



i8o Kala-Azar 

every human effort, and absorbed in its powerful grasp, day by day and 
inch by inch, every blessed spot which once used to be prized for its 
salubrity/' 

General Gorgas, speaking in 1914 on yellow fever control, stated that its 
eradication would command the attention and the gratitude of the world and 
that the thing could be done. To-day yellow fever is in full retreat in the 
Americas. The same will one day be said of kala-azar, and it may be 
hoped that before long the disease will be completely banished from India 
and other parts of the world where it occurs. The signs of its retreat in 
Assam are already within sight, thanks to the intensive mass treatment of the 
disease with urea stibamine. When the disease disappears from the world, 
then one of the highest triumphs of tropical medicine will be achieved. 


III. 

ADDENDUM. 


A SHORT SUMMARY ON RECENT WORK ON THE TRANSMISSION PROBLEM OP 
KALA-AZAR IN CHINA, BY YOUNG AND HERITG. 

In a recent personal communication. Dr. Charles W. Young has very 
kindly furnished me with an account of the recent work on the subject carried 
out by him and Marshall Hertig in the Department of Medicine, Peking 
Union Medical College, Peking, China. The following is a summary of 
the work : — 

Attempts to transmit kala-azar to experimental animals by means of fleas 
(Pulex, Xenopsylla, Ceratophyllus, and Ctenocephalus), Ciniex lechilarius 
and C. pipislrelli, and Hematopinus spp., from striped and giant hamsters, have 
been uniformly negative. In one case, however, in one pot in which infected 
and normal hamsters were present, the negative animal became positive in 
the knowm presence of Ciniex lecitilarius. 

There are marked discrepancies between the distribution of P. major var. 
chinensis and P. sergenti, and the distribution of kala-azar, and also in the 
behaviour of these two species in ways that would seem significant as regards 
the probability of their acting as transmitters of kala-azar. Thus, P. major 
re-feeds with reluctance, P. sergenti readily. P. major is moderately susceptible 
to infection after natural feeds on hamsters (56 per cent, of 195 attempts), 
P, sergenti markedly less so (2*4 per cent, of 661 attempts). When artificially 
fed, P. major yielded 83 per cent out of 157 feeds, while P. sergenti gave 
48 per cent, out of 34Q. In P. sergenti there is a definite tendency for the 
infection to die out after the fifth or sixth day. Though P. sergenh is the 
dominant sandfly in the kala-azar villages near Hsiichowfu, Kiangsu Province, 
yet it is infected with difficulty, and such infections tend to die out P. major, 
on the other hand, while easily infected, may be very plentiful where there is 
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little or no kala-azar. Neither species has been infected by them following 
feeds on kala-azar patients, nor have infections with Leishmania been found 
in wild sandflies. Attempts to transmit the disease by means of sandflies 
have given negative results 

Naturally infected wild rodents have not been encountered in the endemic 
region in China, except in the case of one striped hamster. 

Insects naturally infected with Leishmania donovani have not been 
found. 

OBSERVATIONS ON CLASMATOCYTES IN EXPERIMENTAL KALA-AZAR. 

In a recent personal communication, Dr. Hu, of China, has very kindly 
given me an account of Cash and Hu's work on clasmatocyte cells in experi- 
mental kala-azar in infected hamsters. They have observed that in these 
animals there is a specific relationship between the development of the clas- 
matocyte cells and infection with Leishmania donovani. In infected hamsters, 
they found a moderate degree of anaemia and leucopenia, and there was 
apparently an increased extra-medullary blood formation in the spleen. 

The appearance of clasmatocytes in the blood is a striking phenomenon 
after infection. They found no such cells in the peripheral blood, and only 
2*3 per cent, in the splenic blood in hamsters normally. In the case of in- 
fected hamsters their percentage rose to i8-8 in the peripheral blood and 
19*4 in the splenic blood, four months after inoculation. In the case of 
bone-marrow they rose from 2*2 to 4*25 per cent. 

Further work in this direction is necessary before any conclusions are 
arrived at. 


PERIPHERAL LESIONS DUE TO LEISHMANIA DONOVAN! 

We have already described certain skin lesions due to infection of the skin 
by Leishmania donovani. (See chapter on ** Dermal Leishmanoid.") 

Cash and Hu have found infection of the skin in a few cases of kala-azar 
with distinct increase of mononuclear cells about the blood-vessels. Many 
of these cellular forms in the subcutaneous tissue have been shown by them 
to be clasmatocytes by supravital staining with neutral red. They found that 
the parasites could be present in considerable numbers without causing any 
obvious change in the skin. None of their positive cases showed any dis- 
coloration of the skin, though several of those in whose skin no parasites 
were found showed moderate pigmentation, mainly of the face, arms and 
trunk. They consider that more acute and active cases must be studied 
before the importance of the skin and subcutaneous tissue, as foci from 
which the infection is naturally distributed, is established. 

Young and Hertig have found the following peripheral lesions produced 
by Leishmania donovani and allied organisms in experimental animals. 

Intraperitoneal inoculation of Acton and Knowles' '^xanthoma" strain into 
Chinese striped hamsters {Cricetulus griseus) produced only visceral lesions. The 
same is true of cultures from a case of Brahmachari's '' dermal leishmanoid/’ 
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The flagellates of both of these strains were agglutinated by the sera of rabbits 
immunized against Indian strains of Leishmania donovani. From these 
reactions it may be assumed that these organisms are Leishmania donovani. 

These observers obtained from Nicolle, in Tunis, strains of the organisms 
from local human kala-azar, canine kala-azar and from the gecko, which had 
been under cultivation on NNN medium for many years. The cultures obtained 
from Tunis acted in a different and peculiar manner. They used strains of 
Leishmania donovani {Leishmania infanium, ^'kala-azar humain ”) ; strains of 
Leishmania cams ('^kala-azar canin’’); and strains of Leishmania tarentolce 
C' leptomonas de gecko ”) from the gecko. All of these strains originally 
produced visceral lesions onlJ^ When these cultures were inoculated 
intraperitoneally into hamsters, the infections were visceral at first, with 
enlarged spleen and liver and with leishmania fairly abundant in the smears 
from the spleen, liver, bone-marrow and heart blood. After a lapse of from 
two months to over a year from the time of inpculation, bilaterally symmetrical 
lesions began to appear in the following order : (i) swellings of the carpi and 
tarsi, extending later to the feet, including the digits ; (2) swelling of the 
posterior half of the scrotum in males, with subsequent ulceration, infiltration 
and enlargement of the clitoris, exceptionally with ulceration of the perineum 
in the female ; (3) swelling (infiltration) and later ulceration of the base of the 
tail ; (4) similar swelling of the nose, rarely with ulceration ; and (5) swelling 
and ulceration of the margins of the ears. From the swollen tissues 
leishmania enclosed in large mononuclear cells (clasmatocytes) were 
obtained, often in large numbers. The lesions of the feet never showed 
ulceration. The clasmatocytes were present often in enormous numbers 
between the connective-tissue fibres of the ligaments of the carpi and tarsi 
and distally feet, including digits. The cells containing parasites in the 
lesions showing ulceration were in the deep layers of the skin and sub- 
cutaneous tissues. Intraperitoneal inoculation of the tissues from these 
peripheral lesions produced the same picture in two to four months and 
continued to do so consistently and repeatedly. The same pathological changes 
were obtained with all the five strains used. As the peripheral lesions 
developed, those of the viscera tended to disappear, so that at autopsy some 
of the animals had normal-sized spleens and livers, negative for leishmania in 
smear. Intraperitoneal inoculation of such tissue did not cause infection in 
hamsters. Thus it will be seen that these strains which originally produced 
visceral lesions only, now caused pathological changes precisely like those 
described by Gonder, Laveran and Sergent for recently isolated Leishmania 
tropica. Similar lesions of a single extremity were found in two hamsters 
inoculated with two different Chinese strains of Leishmania donovani. These 
hamsters, already showing heavy visceral infection, had been tied out with 
leather thongs constricting the four extremities during insect feeding experi- 
ments several months before the appearance of the lesions. Inoculation of 
tissue from these local swellings produced only general visceral infections 
like those caused by the strains with which these hamsters had been originally 
infected. 
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TEMPERATURE IN RELATION TO CULTURE OF LEISHMANIA DONOVANL 

According to Christophers, Shortt and Barraud, the extreme range of 
temperature at which development was obtained was 16° C. and 34° C 
Throughout this range the form of development appeared identical, the only 
variation observed being in the degree to which multiplication took place 
and the length of life of the culture or rapidity of development. Effective 
culture in which the parasites became very numerous was obtained between 
22° C. and 30° C. Some difference in different strains was noticeable. 
Roughly speaking, some strains appeared to be more robust than others, 
and these, as a rule, appeared to culture over a wider range of temperature 
than others. At 28° C. no strain failed to culture freely. In some strains 
profuse culture was obtained at 30° C., and even at 32° C.; most strains, 
howevei’, did not culture satisfactorily at these -temperatures and many were 
negative. Existing cultures placed at 36° C. showed the flagellates at first 
in very active movement, but the cultures were usually killed, as shown by 
lack of motility and failure to subculture after about the third day. In spite 
of this, two positive cultures (from subcultures) were obtained at 34° C ; these, 
however, quickly died out. Culture appeared to take place earlier at the high 
temperatures than at the lower ones ; thus cultures at 28° C. were usually 
positive on the third day, whereas at 22° C., they did not usually show this 
condition until later. 

Christophers, Shoitt and Barraud hold that there would be nothing 
unexpected in the development of the parasite of kala-azar in the gut of 
the sandfly or elsewhere at a temperature of 28° C., or even at a higher 
temperature. If an early effective development is to be favoured, it is 
even probable that a temperature in this neighbourhood would be the 
most suitable, as tending to hasten development without being definitely 
hostile to it. 

Though development of the flagellate form in culture can clearly take 
place through a wide range of temperature, it is evident that this range is 
pitched without any reference to the temperature of warm-blooded animals. 
The range is not, however, very divergent from that of the ordinary 
temperatures of external conditions in at least some tropical or subtropical 
countries. 

PREPARATION OF THICK BLOOD-FILMS. 

Some of the methods have already been described (see Appendix). Among 
others may be mentioned the following : — 

Ruges Method . — This is one of the best methods for the preparation of 
thick blood-films. After the blood has dried well, gently move the slide 
about in a glass containing a 2 per cent, solution of formalin to which has 
been added i per cent, glacial acetic acid. After laking is complete, treat the 
slide in the same way as above in a glass of tap water to remove all traces of 
acid. Next wash very gently in distilled water and stain. 

The Method of James consists of making a circular smear about three quarters 
of an inch in diameter from a drop of blood and when dry it is treated with 
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acid alcohol consisting of a mixture of ten drops of HCl and 50 c.c. of 
absolute alcohol till dehsemoglobinization is complete. Then wash thoroughly 
in water for five to ten minutes. Stain after drying. 

The Method of Shortt, Das and LaL— They consider that thick film smears 
possess the disadvantage of presenting the white cells in a contracted condi- 
tion or at least in a nearer approach to a globular form, which renders the 
search for parasites much more difficult, and often obscures their identity, as 
compared with the flattened-out white cells of a comparatively thin film. 

A small drop of blood is placed at one end of a slide ; a second slide is 
applied to it, as in making an ordinal y blood-smear. The second slide, as 
soon as the blood has spread out along its edge, is pushed along the surface 
of the first with an even motion until the blood is almost exhausted. At this 
point, instead of continuing this motion, as in making an ordinary smear, 
the second slide is abruptly lifted off, with the result that the blood-smear 
ends in a straight edge stretching transversely across the slide. This straight 
edge is somewhat thicker than the rest of the smear and contains a large 
percentage of the total white cell content of the drop of blood. The white 
cells in the straight edge are all that it is necessary to examine for the purpose 
of determining, with a fair degree of accuracy, the presence and numbers of 
Leishman-Donovan bodies in the peripheral blood. As an invariable routine 
the terminal edges of four slides, prepared in the way described, are examined 
for parasites. 

Shortt considers that the presence of a temperature above the normal has 
an effect in increasing the number of parasites in the peripheral circulation. 
At the same time he observes that man} cases during long periods of apyrexia 
still show the presence of parasites in the peripheral blood. He considers 
that the activity of the disease has an effect on the parasite count, the periods 
of exacerbation as shown by raised temperature and all the concomitant 
factors of an active disease process increasing the parasite count in the blood. 
The parasites are found inside polymorphonuclear as well as mononuclear 
leucocytes. 

'fhe Method of Brahmachari a 7 id Sen , — Brachmachari and Sen have elabor- 
ated the following method of making and fixing thick film smears of blood. 

A thin rectangular steel or tin or aluminium plate, about the size of an 
ordinary glass slide, is used as a blood-film spreader. One of the edges of 
the spreader is slightly notched in the middle, the notched portion being less 
than the breadth of the glass slide. Both the notched and unnotched portions 
must be even and absolutely parallel to the breadth of the spreader. 

The film must not be very thick nor dried very slowly, otherwise the 
leucocytes become contracted and there is much difficulty in distinguishing 
Leishman-Donovan bodies inside them. 

(i) A fairly large drop of blood is taken towards one end of a thoroughly 
clean glass slide and touched by the notched portion of the spreader, so that 
blood runs between the notched edge and the slide. Then the film is drawn, 
the spreader being held at an angle of 45°, the blood following it and not 
pushed before it. The thickness of the film may be varied by varying this 
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angle. Dry the slide in air or in a regulated vacuum desiccator, or in a 37^ C. 
incubator. At room temperature it takes about half an hour to dry in the air. 
In the case of more thick films it may take one to two hours to dry in the air 
at ordinary temperatures. 

(2) Put the slide in a glass tray containing acetone, Merck, extra pure, 
for about five to ten minutes, according to the thickness of the blood-film, the 
tray being covered to prevent the acetone from evaporating during this period. 
Then allow the slide to dry till the acetone is evaporated. 

(3) Dehaemoglobinize in distilled or tap-water. The process is finished 
within about one minute, and then wash with methyl alcohol to remove 
any further trace of acetone which may be left in the slide. 

(4) Dry, and stain with one of the Romanowsky stains, such as Leishman 
or Wright. 

The advantage of this method is that all structures of the blood, such as 
leucocytes, blood-platelets, &c., become fixed except the haemoglobin of the 
erythrocytes, with the result that it can easily be washed away by the process 
of dehsemoglobinization. 

More recently the authors have observed that if the blood is spread 
according to the method of Shortt, Das and Lai described above, then the 
result is also satisfactory. 

TECHNIQUE FOR BRINGING OUT HISTOLOGIC STRUCTURE OF FLAGELLATES. 

Parrot and Lestoquard's Method, — {a) Fix 10 min. in Schaudinn's alcoholic 
sublimate. (6) Transfer to iodine-alcohol, (c) Remove iodine with 95 per 
cent, alcohol and dry. {d) Immerse in horse-serum 10 min. and dry. 
{e) Stain with Giemsa. 
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